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REMARKS NOV a 1 2006 

Following entry of the foregoing amendments, claints 1, 3 to 12, 19 to 22, and 24 will be 
pending in.tlie application. Claims 1, 3 to 9, 1 1, 12, 19 to 22, and 24 have been amended, and 
claims 2, 1.3 to 18, and 23 have been canceled, herein, without prejudice. No new c laims have 
been added. The first paragraph of the specification has been amended to update the status of the 
parent application. Support for the amendments is found throughout the specification as 
originally filed, and the amenditients thus do not introduce new matter into the application. 

Applicants respectfiilly request reconsideration of the rejections of record u\ view of the 
foregoing amendments and the following remarks. 

Alleged Jridefiniteness 

Claiim 1 1 has been rejected under 35 U.S.C. § 1 12, second paragraph as allegedly 
indefinite because the claim recites all-trans retinoic acid as a **fmther tifcierapcutic ngent," while 
claim 1, from which claim 1 1 depends, already recites the administration of all-trans retinoic 
acid. Claim 1 1 has been amended to correct the inadvertent error by removing '^all •trans retinoic 
acid/' thus obviating the rejection. Applicants accordingly, respectfully request wi thdrawal 
thereof. 

Alleged AnticipatioD 

Claims 1 to 7, 13 to 15, 20, 21, and 24 have been rejected under 35 U.S.C. ^ 102(a) as 
anticipated by Shcn, et al. Blood, 19S>7, 89(9), 3354-3360 ("the Sheai article") becituse the article 
allegedly describes treatment of acute promyelocydc leukemia (APL) with both arsenic trioxide 
' and all-trans retinoic acid. Without conceding the correctness of the rejection, and to advance 
prosecutioii, claim 1 has been amended to recite treatment of acute myeloblastic leukemia, acute 
mydomonjocytic leukemia, acute monocytic leukemia, and acute eryfhroleukemia. Support for 
the amendments is found throughout the specification as originally filed, including, for example, 
page 21 , lines 7 to 9. The present claims thus do not recite treatment of APL, and i he Shen 
article thus fails to anticipate the presently claimed subject matter. Applicants accordingly, 
respectfiiUy request withdrawal of the rejection. 
Alleged Obviousbcss 
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A. Claims 1 to 16, 19 to 22, and 24 have been rgected under 35 U.S.C. § 103(a) as 
allegedly obvious over flie Shen article in view of Chen, et aL, Bloody 1997, 89(9), 3345-3353 
C*thc Chen article"), Kwong, et al. Blood, 1997, 89, 348703488 C%e Kwong articlc'O, and 
Medline abptract number 91278513 ("the Wierald abstract"). AppUcants respectfully request 
reconsideration and withdrawal of the rejection because the presently claimed subject matter 
would not Eiave been obvious in view of the cited art 

To establish prima facie obviousness, the Patent Office must provide objective evidence 
that the prior art relied upon, coupled with the knowledge generally available in the art at the 
time of the invention, contains some suggestion or incentive that would have motivated those of 
ordinary skill in the art to modify a reference or to combine references. In re Lee^ f>l U.S.P,Q.2d 
1430, 1433 (Fed. Cir. 2002); In re Fine, 837 F.2d 1071. 1074, 5 U.S.P.Q.2d 1596, 1 598 (Fed. 
Cir. 1998). And the proposed modification or combination of the prior art must has^e had a 
reasonable expectation of success, determined from the vantage point of those of ordinary skill 
in the art, at the time the invention was made. Amgen, Inc. v. Chugai Pharm. Co., ?^27 F.2d 
1200, 1209, 18 U,S.P.Q.2d 1016, 1023 (Fed, Cir, 1991). 

"[W]hether a particular combination might be 'obvious to try' is not a legiti mate test of 
patentabiUty-" In re Fine, 837 F.2d 1071, 1075 (Fed. Cir. 1988). "Obvious to try" situations 
arise where it might have been obvious to "explore a new technology or general api>roach that 
seemed to be a promising filed of experimentation, where the prior art gave only general 
guidance as to the particular form of the claimed invention or how to achieve it/* In re 
0'Farrell,'i53 F.2d 894, 903 (Fed. Cir. 1988). See also Hybritech Inc. v. Monoclonal 
Antibodies, Inc., 802 F.ed. 1367, 1380 (Fed. Cir. 1986)(stating that "At most, these articles axe 
invitations! to try monoclonal antibodies in immunoassays but do not suggest how that end might 
be accompilished/'Xemphasis in original). 

Preliminarily, as discussed above, claim 1 has been amended to recite methods for the 
treatment of acute myeloblastic leukemia, acute myelomonocytic leukemia, acute monocytic 
leukemia, and acute erythroleukemia in a human, that comprise administering to the human a 
combination of a therapeutically effective amount of arsenic trioxide, and all-trans retinoic acid. 

Upon review of the references cited in the Office action, those skilled in tiio art would not 
have reasonably expected at the time of the invmtion that a combination of arsenic trioxide and 
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all-trans retinoic acid could have been successfully used to treat acute myeloblastic leukemia, 
acute myeloinonocytic leukemia, acute monocytic leukeniia, and acute erythroleukemia in 
humans. At most, it might have been obvious to persona skilled in the art to try to use a 
combination of ai^enic trioxide and all-trans retinoic acid to treat these cancers, but much more 
is required to estabhsh prima fade obviousness. 

The Shen article describes treatment of 15 patients having relapsed APL wii h arsenic 
trioxide.^ Two of the fifteen patients were also treated with low-dose all-trans retinoic acid. 
Notably, the article only describes treatment of patients having APL, and does not describe or 
suggest treatment of cancers other than APL with a combination of arsenic trioxide and all-trans 
retinoic acid. 

The Chen article describes the treatment of patients suffering from APL willi arsenic 
trioxide.^ The article does not teach or suggest treatment of APL with a combination of arsenic 
trioxide and all-trans retinoic acid, much less teach or suggest treatment of cancers other than 
APL with a combination of arsenic trioxide and aJl-trans retmoic acid. 

The Kwong article describes studies in which patients having relapsed APL were treated 
with aisenic trioxide."^ The article describes fvuther studies in which patients having chronic 
myeloid leukemia (CML) were treated with arsenic trioxide.^ Again, the article fei ts to teach or 
suggest treatment of patients suffering fiom APL, CML, or any type of cancer, witli a 
combination of arsenic trioxide and all-trans retinoic acid. 

Finally, the Wiemik abstract describes studies in which patients having AP L were treated 
with all-trans retinoic acid. The abstract also describes that treatment of a patient having CML 
with all-trans retinoic acid. The abstract fails to teach or suggest treatment of cancers other than 
APL and GML with all-trans retinoic acid, and, moreover, fails to teach or suggest treatment of 
any type of cancer with a combination of arsenic trioxide and all-trans retinoic aciil. 

Thp references cited m the OfiSce action thus fail to teach or suggest that a combination 
of arsenic jtrioxide and all-trans retinoic acid could be successfully used to treat acute 
myeloblastic leukemia, acute myclomonocytic leukemia, acute monocytic leukemia, and acute 

^ Page 3354> second colvmrn. 

^ Page 3348; second column. 
* Page 34871 first eohuno. 
^ Page 3487) second column. 
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erythroleukemia in humans. Rafhex, fhe references teach that arsenic trioxide and all-tran$ 
retinoic acid have been administered in combination to humans to treat acute promyelocytic 
leukemia. The references also teach that arsenic trioxide and all-trans retinoic acid have been 
used separately to treat patients suffering from CML, but the references do not teach that a 
combination of arsenic trioxide and all-trans retinoic acid have been successfully used to treat 
CML patients or patients suffering from acute myelocytic leukemias other than APL. 

As understood by those sidlled in the art at the time of the invention, diere are many 
different types of acute and chronic myelocytic leukemias^ and different approaches have been 
taken towards treating the different types of acute and chronic myelocytic leukCTiias. For 
example, according to the widely accepted French- American-British (FAB) classification, acute 
myelocytic leukemias (AMLs) have been divided into seven subclasses,* APL is classified as 
the third AML subtype, or AML-MSJ Treatment of AML has primarily consisted of 
chemotheripy divided into two phases, induction and postremission (or consolidation) therapy. 
The goal of induction therapy is to achieve a complete remission by reducing the amount of 
leukemic cells to an undetectable level, and the goal of consolidation therapy is to e liminate any 
residua] undetectable disease and achieve a cure. Patients with AML subtypes other tiian M3 
(APL) have typically been given induction chemotherapy with cytarabine and an aiithracycline 
(such as daunorubicin).^ MB AML (APL), however, has been almost universally treated with 
ATRA in addition to induction chemotherapy.^ Patients having non-APL AML' s liave thus 
typically received treatment that differs from that given to APL patients. Accordingly, those 
skilled in the art would have appreciated at the time of the invention that the efficauy of a 
particular anti-cancer agent or agents against APL was not predictive of its efiScacy against other 
subtypes of AML due to the different approaches that have proven successful for Ijeating APL 
and non-APL AML's* 

Those skilled in the art would thus not have reasonably expected that a combination of 
arsenic trioxide and all-trans retinoic acid could have been successfully used to tre;it non-APL 
AML subtypes in humans just because the combination had been reported to have efficacy 



^ Bnjsenid, O., et ah. Stem Cells, 2000, 18, 157-165 (attache^ as Exhibit A). See page 157, second colunm. 

" Appelbaum, F.R., et al. Hematology. 2001. 62-86 (attached as Exhibit B). See page 65. 
'/rf.at63. 
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against APL. Although those ddlled in the art might arguably have considered tryiitg to use a 
combination of arsenic tiioxide and all-trans retinoic acid to treat acute myeloblastic leukemia, 
acute myelomoTiocytic leukemia^ acute monocytic leukemia, and acute erythroleukemia, the 
lesults of doing so could not have beei) predicted widi a reasonable degree of certainty. 
Accordingly, those skilled in the art at the time of fte invention would not have reasonably 
expected that a combination of arsenic trioxide and all-trans retinoic add could have been 
successfully used to treat acute myeloblastic leukemia^ acute myelomonocytic leukismia, acute 
monocytic leukemia, and acute erythroleukemia in humans* 

Applicants thus respectfully submit that the presently claimed subject matter woxild not 
have been obvious at the time of the invention, and Applicants, accordingly, respectfully request 
withdrawal of the rejection. 

B. Claims 1 to 16, 19 to 22, and 24 have been rejected under 35 U.S.C. § 103(a) as 
allegedly obvious over the Shen article in view of the Chen article, the Kwong artic le, the 
Wiemki abstract, and U,S. Patent number 4,599,305 ("the Witte patent"). Applicants 
respectfully request reconsideration and withdrawal of the rejection because the presently 
claimed subject matter would not have been obvious in view of the cited art, 

Asidiscussed above, upon review of the Shen, Chen, and Kwong articles and the Wiemki 
abstract, those skilled in the art would not have reasonably expected at the time of ihe invention 
that a conijDination of arsenic trioxide and all-trans retinoic acid could have been successfully 
used to treat acute myeloblastic leukemia, acute myelomonocytic leukemia, acute monocytic 
lexikemia, and acute erythroleukemia in humans, and the Witte patent does not curu the 
deficiencies of these references. The Witte patent teaches that different therapies arc utilized for 
the treatment of different ^es of leukemias, and states that acute leukemia requiros immediate 
treatment utilizing the fiill range of tlierapeutic measures available.^^ The patent, however, does 
not teach or suggest that the "full range of therapeutic measures*' hicludes a combi oation of 
arsenic tribxide and all-trans retinoic acid. Moreover, the patent does not describe or suggest 
treatment pf acute myeloblastic leukemia, acute myelomonocytic leukemia, acute monocytic 
leukemia, land acute erythroleukemia with a combination of arsenic trioxide and all-trans retinoic 
acid. 



CoL 1. Ins. 39 to 45. 
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Accordingly, for &e reasons discussed above, diose skilled in the art at the lime of the 
invention woxild not have reasonably expected that a combination of arsenic trioxide and all- 
trans retinoic acid could have been successfully used to treat acute myeloblastic leukemia^ acute 
myelomonocytic leukemia, acute monocytic leukemia, and acute erydiroleukemia in humans. 
The presently claimed subject matter would thus not have been obvious, and Applicants 
accordingly, respectfully request wi&drawal of the rejection* 

Conclusion 

Applicants believe that the foregoing constitutes a complete and full response to the 
Office action of record. Accordingly, an early and &vorable action is respectfully j equested. 



Cephalon, One. 
41 MooresiRoad 
P.O. Box 4011 
Frazer,PA 19355 
Telephone: (610) 883-5743 
Facsimile:- (610) 727-7651 



Respectfully submitted. 



Date: November 1, 2006 




Attorney of Record 
Registration No. 52,722 



Page 10 of 10 



PA(X12/48'RCVDAT11/1/200( 3:56:05 PM (Eastern Sto 



11/01/0 6 1 5:59 FAX 61 07386590 CBPHALON, INC. •♦ USPTO MAIN El 013 



Acute Myeloid Leukemia 

Frederick R. Appelbaum, Jacob M, Row, JemldRadich, and John £. Dick 



Through the hard work of a large number of Investi- 
gators, the biology of acute myeloid leukemia 
(AML) 19 becoihing Increasingly well understood, 
and as a consequence, new therapeutic targeta 
have been identiftBd and new model systems have 
been developed for testing novel therapies. How 
these new therapies can be most effectively studied 
in the dink; and whether they will ultimately im- 
prove cure rates are questions of enormous 
Importance. In this article, Dr. Jacob Howe presents 
a summary of Ittie current state-of-the-art therapy 
for adult AMLiHis contribution emphasizes the fact 
that AlWL Is not a single disease, but a number of 
related diseaejes each distinguished by unique 
cytogenetic markers which In turn help determine 
the most appijoprlate treatment Dr. Jerald Radich 
continues on ^is theme, emphasiztng how these 
cytogenetic abnormalities, as well as other muta- 
tions, give rise to abnormal signal transduction and 



how these abnormal pathways may represent ideal 
targets for the development of new therapeutics. A 
third contribution by Dr. Frederick Appelbaum 
describes how AML might be made the target of 
immunologic attack. Specifically, strategies using 
antibody-based or cell-based immunotherapies are 
described including the use of unmodified antibod- 
ies, drug conjugates, radkiimmunoconjugates, non- 
aldative allogeneic transplantatlonjT cell adoptive 
Immunotherapy and AML vaccines. Finally, Dr. John 
Dick provides a review of the development of the 
NOD/SCID mouse model of human AML emphasiz- 
ing both what it has taught us about the biology of 
the disease as well as how it can lie used to test 
new therapies. Taken together, these reviews are 
meant to help us understand more about where we 
are In the treatment of AML, where we can go ^d 
how we might get there. 



L Cdrhent Stanoard Thkrapy of 
Adult Acuib MYEiX)n) Leukemia 

Jacob M Rowe, MD* 

Despite m^)oitOTt advances in the therapy of acute my- 
eloid leukemii (AML) ihe majority of patients will die 
from their disfea^e (Figure 1), Progress in therapy and 
supportive caie oyer the past three decades has Jed to 
gradual imprtwement in the overall results^ especially in 
adults up to age 55-60 years (Figure 2). However^ very 
little progress! hag been made m the long-term survival 
of older adults with AML (Figure 3). Since the median 
age of padenfe wiOi AML is 64 years, diis older group 
of patients rc^esents die majority with this disease, and 
the outcome of therapy remains finistratingly disappoint- 
ing. This scckon will review cuncnt strategies for in- 
ductiop and bost-i^nussion dierapy focusing on newly 
diagnosed younger adults. Possible strategies for older 
adults will thki be discassed faiiefly. 



♦ Dcpatrmcnt of Hematology and Bont Marmw 'RanKpIaat. 
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n is no longer appropriate to consider ;j11 subgroups 
of AML as a single entity. The most impoj tanl prognos- 
lic factors detennining the outcome of dierapy are the 
acquired genetic changes in die leukcmii; cells; deter- 
mined by conventional cytogenetic tfichni<iues, fluores- 
cence in simhybridization (FISH) analysis *}rpolymcrase 
chain reaction (PGR). Thus, die following ci iscussion will 
focus on acute promyelocydc leukemia (APL) and all 
other AMLs divided into diree recogmzi^d prognostic 
groups: those exhibiting favorable, intcmi^iatc or un- 
favorable cytogenetics at presentation (Tdble 1). 

Acute Promyclocydic Leukemia— t(15;l7>^ 
PML'EtARa 

APL is the subtype of acute leukemia wht re the greatest 
progress has been made over die past decade. It is the 
most curable subtype of AML and the most important 
dcv<dopracnt leading to die dramatic i mpr« .vcment in J^ur- 
vival has been the introduction of all-trans ictinoic acid 
(AXRA). While due incorpOTation of ATRA has led to 
these remarkable results, differentiation therapy widi 
ATRA is associated with unique toxicities not previously 
observed with conventional cytotoxic d^crapy. 
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Rgure i.Suivlval of almofit 3,000 conseoutlvd patients treated en ECOG 
protocols for newfy diagiwwed acwte myolold leukemte ( AML) since 1973. 
ThB onV ewiudon from Ihis curve Is acute prwnyalocytio teutomla 
(APL) patients treatod on an-trans rodnolc add (atrA). 
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i^lgure 2. PAIonls s 55 yoars witfi newly dlagrtoeed acute inyelold 
Idukenii? (AML) treated on Ea$tam Cooperative Oncology Group 
(ECOG) protocols slnpe 1 973. 
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Houre 3. PWlanis > $5 years with ne«rty diagnosed acute myeloid 
leukefnla (AML) treated on Eaatem Cooparadve Oncdlogy Group 
(ECOG) priMocols etnce 1 973. 
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Induction therapy 

Historically, induction therapy f«)rAFL included 
an anthracydinc and cytarabinc. APL was 
known to be particularly sensitive lo ajithra- 
cyclines, in part due to significanUy lower Pgp 
expression and other resistance markers in APL 
cells compared to otfier subtyijes of AML.* It 
may also be that for this reason the long-term 
results in APL with conventioD.Ll chemotherapy 
have historically been sigxuficmtly beuer than 
in odier forms of AML.* 

Several studies have contiiiDed that both 
dauDombicin and idarubicin. used as single 
agents^ induce a CR m 60%-8n% of patients.^* 
Importantly, a retrospective analysis by the 
Southwest Oncology Group (SWOG) showed 
an improved survival in patients wlttt APL when 
the dose of anthracycline was increased (70 mg/ 
m*) but without a change in cy carabine dose.^ It 
has now been established that ATRA is an im- 
portant part of induction therapy for APL. The 
benefit of AITIA in induction may not necessar- 
ily be a dramatic change in thf initial CR rate;® 
rather, incoiporation of ATRA has a major im- 
pact on the number of patients ihat may be cured 
in this disease.^-* 

Several studies have shown that when ATRA 
is combined with single-agent anthracydine the 
results are at least as good as v. hen cytarabinc is 
also added.* It is likely that ihe standard fonn 
of induction therapy for APL wUI rely on ATRA 
with an anthmcycUne without the addition of 
cytaiabine (T^ble 2), Despite theoretic consid- 
erations, there is no evidence I or the superiority 
of any anthracycline in APL, Using ATRA and 
an anthracycline. a CR rate of greater than 80% 
may be reasonably expected. However, despite 
the remarkable impaa of ATRA in the treatment 
of AML, the induction monality remains ap- 
proximately 10%, and acquii ed retinoid resis- 
tance conttibutes to relapse in .ipproximately 20- 
30%ofpatlents.^-^" 

While the incidence of iroagulopathy and 
bleeding have diminished significantly with 
ATRA therapy, the retinoio acid syndrome 
(RAS) is now the major toxicity associated with 
ATRA. Among patients treated with ATRA 
alone the Incidence is approximately 15%. The 
mortality from this syndrome has declined over 
dme, likely reflecting earlier recognition and in- 
stitution of dexamethasone. Furthermore, die 
concurrent administration of t chemotherapy with 
ATRA may decrease the incidence of RAS.*^ 
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T9blo 1. Cytogenstic dassiflpaAlon. 

iSWQGCrlterlq^ 



FEivorable 



' t(15:l7)-wikharvolhftrabnonriaUty 
rhv(18)/l(16:1^dai(l6q>-v«rtUianyomer«bnQfmaIJty 
I t(B;2l)-wlthoutdel(9q)orcompteJt Karyotype 

.Y. t6. ctdl(l2p) 
norma] karyotype 



MRO criterta^. As for SWOG. cawepfc^ 



l(9;21) - wllh any olher abnormality 
dbn11q23 

dal(8q). de1(7q)-wUhoutolhdrabnorma1irte& 

ComplGX karyotypes ^ 3 atmornialhies, but < 5 HbnormafiBefi) 

All abnormaRUee of unknown progrvostic signHifiiince 



Unknown 



-5«al(5q), -7/ctel(7<i). 

t(e;2l ) wfth d©1(9q> orcompfeic karyotype 

inv(gq),abnl1q23, ZOq, 

21q,deK9q), t(6;9) 

1(9:22). Qbnl7p. 

Complai karyotypes C^3 abnormaliUas) 

All Other clonal chromosomal abenotions 
with fawar than 3 abnormalittae 



CompleK karyotypaa ^ 5 abnonnalMcs) 



Abbr»riat»n5: S\ftiOG. Southwestern Oncology Gioup: MRC, Madkal Heaearch Council; abn. abwmallitesof 



Post-remU^ion . therapy 

Although CR may be achieved wsmg ATRA alone, most 
patieats relapse with this therapy. Consolidation chemo- 
therapy after GR is mandatory, although the best fonn 
of such iherapy is unknown, la most studies coosolida- 
tion chemotherapy has been anthracycUne-based, and 
several studied have included high-dose cytarabine.'''-" 
However, the abnunistration of lower doses of cytarabine 
appears to be just as efficacious," and ajrccent prospec- 
tive study has suggested that paticnls dolas well without 
cytarabine in cither induction or consolidation.*" Thus, 
it is likely that just as in induction, there is piDbably 
iinle role for cytarabmc in consolidation, althoagli this 
remains a subjject of study in current diiiical trials. Most 
centers adini$ster at least two courses of post-remis- 



Ta,le2.Ttealni>t of acute prpiny«locyticlcujkBmlalt{16;lT) orPlin^Bopoatl^^^ 



INDUCTION . 

I 

j 

OONeOUDATION 
MAIffTENANCE 



ATRA't- enthracycltno-liBaod chemomarapy 
0) ant^Iacyc^ine atone itcannot glwo ATRA 
(ii) probably, rto need tor cytarawine 

AnmiacycUne-based chemotherapy x 1 -2 cycles 

rolo of cyiarablna unprov^n 

ATRA ± lowdose chemotherapy 



sion therapy following induction with ATRrV and anlhra- 
cycHnes, although, as in all types of AML. there are no 
prospective data csuiblishing the number uf courses of 
intensive post-remission consolidation.^* CI early, the ob- 
jective of post-remission therapy is complete eradica- 
tion of the leukemic clone with lack of detci don of PML- 
RARa by PCR. This remains crilical as the persistence 
of sndi mbimal residual disease predicts Cor relapse.* 

Maintenance therapy 

Randomized trials have suggested thai maintenance 
therapy with ATEtA is a critical component of therapy 
for APL.''* Thei-e has also been a suggestion that when 
ATRA maintenance is combined with low-dosc chemo- 
therapy this may further improve the long-term survival.* 
Thus, it appears that patients with 
APL may benefit firon^ maintenance 
A3RA, with or without continuous 
low-dosc chemotherapy, pamcolarly 
those patients who present with 
higher risk for recurn nt disease." 



Current Investi^aitlcn 
possible futurcjinvestidatlon 



Role of arsenic In patiefils who have not relapaeci 
Hole of autologous PBSC transplante in pattents who 
have become negatJvo for PML-RABa 



Abljrovfelions: ATRA. all-trans roUnokjadd: PBSC. peripheral blo^^ 
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IrwesjtgQtional appitxich^s 
While Ae outlook for patients with 
APL has improved dra matlcally over 
the past decade, complacency is to 
be discouraged. Over 20% of patients 
presenting with APL will die from 
this disease. This includes some pa- 
American Society 4if Hematology 



PA(X1S/48*RCVDAT11/1/200S 3:56:05 PM [Eastern Sb^ 



11/01/06 16:01 FAX 8107386590 



CEPHAJLON, INC. 



USPTO MAIN 



01016 



tients who relapse even after achieving PML-RARa mo- 
lecular negatlvliy after induction and consolidation 
therapy.^ Aiscnic trionde ha& been established as an hor 
portant age«t for Ihc treatment of ATRA-TEssistant APL. 
Whether this should be incorporated into the therapy of 
newly diagnosed APL is being cuirenily invesdgaCMi in 
clinical trials. 

Allogeneic stem cell transplant has no role in APL 
in first remifewon, Howevw, impressive results have been 
shown using autdogoas transplant for relapsed APL 
using cells ftiat are molecularly negative. ^^This has never 
been prospectively studied in patients In first remission 
who have ijccn successfully treated with ATOA-anthriv- 
cyclincs. It, is speculadve whether such therapy, using 
peripheral blood with its attendant low mortality, can 
further improve the long-tenn cure rate. 



Therapy for Acute Myeloid Leukeniia Other Than 
Acute Fromydoqrtic Leiikraua • 



Induction therapy 

Classic shidies by the CALCB two decades ago resultcsd 
in the development of the standard induction regimen, 
which consists of daunorobicin* 45mgi.v. for three days, 
and cytara|)ine, lOOmg i.v. by continuous infusion for 
seven days.'^ For patients less than 55 to 60 years old, 
an initial GR of 60-75% can be e^pcct6d- However, mul- 
tiple randomized studies compared daunorubicin at a 
dose of 45ing/m*— while keepmg the dose of cytarabine 
constant— iwith idarubicin," amsacrinc," aclacinomycin 
A^^ and miM>xantroTic.^ Vhtually all of these agents have 
been shown to be either unequivocally superior, or at 
least with a strong trend towards an improvement, when 
compared iwith 45mg/m*of daunorubicin. Thus^ for pa- 
tients not treated on a clinical trial it i^ no longer &ppro- 
priate to itse 45mg/m^ of daunorubicin; rather, a higher 
dose of daunorubicin should be used or an alternative 
anthracycjine or anthraquinone, such as idarubicb or 
mitoxantiOne. |. 

Ovw the years many variations o[f the stan- 
dard 3+7 'regimen have been develofjed and all 
yield approximately similar results. [Intensify- 
ing induction ih^py through the use of higher 
doses of cytarabine or the addition of |etoposide, 
wliile nottafpBcting the initial CR^ cljearly may 
have an effect on the di^case-fxce survival." 
Howeveji, although intensifying induction 
therapy may affcct the duration of rc mission in 
AML, it is not clear that the increased toxicity 
through riiore profound myelosuppression is ad- 
vantageous given the possibility tiiat a similar 
intensification might be safely added during 
postrcmlision therapy." j 

Cuii^tiy, die 3+7 induction regmien is rcc 
I 
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ommended for all newly diagnosed patients with AML, 
including those who present with unJStivorable cytoge- 
netics. The latter group also includes m<>st patients with 
the^py-related or other secondary Icukcjnias. Although 
muitqtle pubiicadons have advocated :iltcmaiive regi- 
mens there arc no data that any form of therapy pro- 
\ides a bener outcome than standard induction therapy 
consisting of an anthracyclinc and cytarabine. Three 
large cooperative groups that evaluated this reported CR 
mtes of 55-58% in adult patients presenting widi un&- 
voikble cytogenetics CKible 3)."*"'' 

I 

Postremission Therapy 
, While induction therapy may be identical, the choice of 
postremission dierapy must be determiaed by the prog- 
nose group, most importandy, the eytogenetics at prer 
sentation (Table 4). 

aAl with favorable cytogenetics 
Al^ugh over the past decade there have been several 
large prospective smdies^*-^ off postnunission therapy 
in |AML, only two of the large studies have rigorously 
analyzed post-remis^sion data by cytog«5netic prognostic 
groups.^ The initial response rate to induction in pa- 
tients with favorable cytogenetics was approximately 
85,fe. With intensive postremission thorapy the overall 
survival at 5 years exceeds 50%.'-^ Tbo-re are many chc- 
md^therapeuiic strategics for postremission therapy, al- 
thcAigh it is thought by many that higU-dose cytarabine 
is la cridcal element for the success of postremission 
ihebipy.^ However, while die data con firm its effective- 
nesss as postremission flierapy, it is douijtfu) that we need 
tojlsubscribe to a dogma thai one caimot do the atame 
with other regimenii. A recent publication, based on 
CALGB data, suggested that it may be inappropriate not 
to|;administer 3-4 cycles of high-dose cytarabine to pa- 
tients with the t(8;21) abnormality, in which die disease- 
fri suivwal was about 60%.^ However, the MRC re- 



T^ie3. Rosujls prinduclfon therapy In adults wlUi ecutomyeield 
lautomla scddrdlng to cytogen^ic prognostic groups. 



Favorable 
n CR 



tnt^tmudlate 
n CR 



Unfavoratala 
n CR 



MRC^ (excluding qhlldren) 269 UQ% 853 84% 130 57% 
ECOG/SWOQ» 121 B4% 278 76% 184 55% 

GOElAlWia* I 48 67% 22B 76% 36 56% 

i 

Reajlisof indicdon merapy from 3 cooperatwo groups. Wcnficalfil^ ■ 
Indudicm therapy was used In all cytogenetic subtypee. A remartoWe concor- 
danco amonglihe 3 groups i3 demonstrated, although a '»;Jf f«;i^^^^ 
cannot Da mid© dua to minor differences among the sUidifls in the classifica- 
tion of the cytogenetio prognostic groups. 

Abbmvlations ^RC. Medical Research Coundl; ECOG. I'l^n Coo^i«Bve 
On^gyQiSjp;SWOG. Southwestern 
Quest-Eat LdAkemles Algues Myelotriasllques 
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-mbto4.Sugge3teff soheniaterthopost-ieTnlsslon therapy of aduhswimrawtydlagnoonl^cute myeloid leukemia (except APL) 
according Ko cytogonsdc prognostic groupd. 



1 

Induction 


FMrM^ intfirmodlato Untavorablo 


' \ 

Standard anthrscycltno i- cytarablne (3 ♦ 7) or obnilar 


Post RemlsslonTtierapy 
0) HLA-matchecl fomDy 
donor avaiteib(9' 

(ii) No donor 


High-doao oytarablne or 
Blmllarx2<4 cycles 

± autologous peripheral 
stem cell transplant 


Anogenelo transplant as soon as possible 


High-doeo cytarat)lnG or 
slmBarx2-d cycles 
autologous transprant 


High-dose oyiamblne or 

similar X ^-3 cycles 
± autologouf. tranaptant 


Future irwofitlgaUons 
1 

1 


Addition of gamtuzumab ozogamkun ^Hhor to 
Intonsive chemotherapy orpm-auldogoustranepianL 


Allogeneic treneplant from 

allemaiivn donoi^-* 
matched unrelated (MUD) 
orhapiQtdantieal 



ported an identical disease-free survival in a much larger 
cohort of patients without usmg high-dose cy tarabine.^ 
Whether autologous stem cell transplantation should 
be offered as apart of postremission strategy to patients 
with favorable jcytogcnedcs remains controversiaL Data 
fcotn Ac CALGB have suggested that intensive chemo- 
therapy yields jresults that arc unlikely to be improved 
by the substitution of autologous transplantation.^ In 
conirast, die US Intcrgronp Study^^' suggested that au- 
tologous transplantatioD may be particularly useful in 
this group of patients. In the MRC AML 10 study, pa- 
tients wcxe raddomixed to teceive autologous stem cell 
transplant after four cycles of therapy and this was comr 
pared with an lobscrvation ann>'' The patients with fa- 
vorable cytogejnetics had a markedly lower relapse rale 
than patients vho did not receive an autologous trans- 
plant, although a high procedural mortahty rate in adults 
(18%) resulted in being ultimately no difference in the 
overall survivitl. The repotted data need to be caudously 
interpreted ani may be influenced by small cohorts of 
patients, as in | the CALGB data^ or die US Intcrgroup 
Study.^E^tcepjt for young padents in whom fertility re- 
mains a con^d^iaiion, it is probably reasonable to use pc^ 
rlpberal autologous stem cell transplantation in experienced 
centers that hajre demonstrated a oonsistendy low morbid- 
ity and a iherapy-iclated mortality of less than 3-5%. 

None of the randomi^d studies demonstrated an 
advantage for !allogen«c transplant for this group of pa- 
tients, and given die relatively high transplant-related 
mortality, this prtjcedure cannot be rccornmendcd as stan- 
dard therapy for such padents. Whether newer methods 
using less sevprely myeloablativc legimens and relying 
on the immunological effect of GVL may yield improved 
results remairls to be determined in prospective studies.** 
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AML with inurmediate risk cytogenetics 
If an HLA-matched family donor is available, it seems 
likely that this should be the recommend&l dierapy for 
patients up to age 55-65 years. Data have consistently 
shown that this form of therapy provides ihe best anti- 
leukemic effect as judged by the relapse rate.'* *^ The 
study with the largest cohort of prospectivi:ly evaluated 
patients with this subgroup of AML have imported & 
year survival rate of 65% with a relapse risk at 3 years 
of 18%."* It should be noted, however, thiit this advan- 
tage for allogeneic transplant was not demonstrated in 
the US IntejgroQp Study,^*^' albeit in a sma Her cohort of 
patients. 

liming of allogeneic transplantation in first remisn 
sion has never been prospectSvely established. For lo- 
gistic reasons It may often be necessary lo administer 
chemotherapy after achievement of CR until the avail- 
ability of a donor and transplant cwiter established. 
HowcvN, retrospective analysis firom the IBMTR sug- 
gests that for patients proceeding to allogeneic trans- 
plantation in AML there is no added bencfi t in receiving 
additional postremission therapy, and if an ) fLA-matched 
donor is available, based on the current available data, 
patients should be referred for this procedure as soon as 
possible.*^ • 

Patients who do not have an Hl-A-m;^tched sibling 
should receive intensive postremission i hemodicrapy 
ushig high-dosE cytarabine or similar regimen. The op- 
timal doso of high-dose cytarabino— anyvi here from L5 
gto* to 3 g/m*— the opthnal duration and ihe total num- 
ber of doses have never been prospectively established. 
Only one retrospective analysis, combinhng several his- 
toric studies, suggested diat three cycles of high-dose 
cytarabinc are better than a single course. While these 
arc uzipoitant practical questions affecunj^ die managc- 
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mcnt of many patients widi AML» there is little current 
enthuinasmianiong cooperative groups to study this pro- 
spectively in clinical trials. | 

There are multiple reports of autologous transplants 
for AML includins many patients with intennediate cyto- 
gencdcs. Hj)wever, it h difficult to identify and analyze 
larga cohorts of patients v^ho have received this therapy. 
The MRC study reported a relapse rate of 35% for pa- 
tients who have also received an autoiransplant com- 
pared with !55% among patients receiving intensive che- 
motherapy only. The 5-yeai survival Was 56% versus 
4S%.^ It isigenerally assumed that those patients going 
on to an autologous transplant should receive prior in- 
tensive chemotherapy as the best method of in vivo purg- 
ing. For such patients the intensity postreinission 
therapy as j well as the number of cycles required arc 
unknown and have also never been pijbspectively stud- 
ied. Although some of the best results ^om phase II data 
of autologous transplants in AML haye been raited 
when patiecits received no postremisslion therapy j^or 
to the transplant,^ the prepondcrancdj of the data sug- 
gest that using several cycles of postrlenmsion therapy 
should be given prior to transplant Prelaininary data have 
also reported that peripheral blood stem ceVls can be re- 
liably collected after two cycles of intet^sive chemo- 
therapy such as high-dose cytarabinc with a subsequent 
very low tciansplant-rclated mortality rate.^^ Several cjx>p- 
eraiivc groups are currently evaiuatit^g the role of gemtu- 
zumab ozogamicin, a humanized monoclonal antibody 
against CD'33 linked to calicheamicin, grven in addition to 
high-dose cytarabhie or prior cd autologous transplant. 

AML \vhh\urtftxvorQble cytogenetics j j 
This grou6 has long been recogmzed||to have the poor- 
est outcoqie among patients with AML. While the hu- 
tial responjse rate may exceed 50% (Table 3), the overall 
long-tennl survival remains poor, whatever mode of 
postremission therapy is employed. Ifjia family-matched 
HLA donor is available, patients should be referred for 
iliis procedure as soon as possible af tctiindticti on thttapy. 
Although ^is probably represents cuijrent practice tticre 
dfen't abulndant prospective data that support this^ The 
MRC AML 1 0 study reported that among the gronpj with 
unfavorable cytogenetics allogeneic itransplant did not 
offer any ^vantage.^ However, there were only 13 pa- 
tients in tl?is group. In contrast, the US Intergroup study 
reported a clear advantage for patients undergoiiig an 
allogeneic transplant" with a 5-year survival of j44% 
coc^aredjto 15% for patients undcrgcnng ehemothejrapy. 
Howevcr,j 
subgroup 
and only 
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Because of the extremely hi^ rate of relapse id this 
group of patients and the poor long-term outcome, it is 
important to note that select reports of alternative do- 
nors in this group of patients, which used either matched 
unrelated donors or haploidentically matched family 
donors, have shown long-term surviWi rates of 40-50% 
in patients undergoing such proceduit'S in first remis- 
sion .^'Whether such information on select patients can 
be applied to the group as a whole remains to be deter- 
mined in clinical trials. 

Bone.Marrow IVansplantation 

Over the past decade a major effort wns made to deter- 
mine jthc lole of bone marrow transplantation (BMT) in 
adult AML, especially autologous transplantation, com- 
pared to inten&ive chemotherapy. Several large prospec- 
tive studies were designed and much eff<iTt was exp^ded 
on these trials."-^^-^' The results have been confusing 
aiul the data difficult to interpret It ser ms that a decade 
later this issue has still not been resolved. However, cer- 
tain points need to be emphasi2ed. 

1. The preponderance of the data demonstrate that 
autologous transplants provide better antileukemic ac- 
tivity than intensive chemothcrtqjy, as ludged by the re- 
lapse: rate Clhbic 5). 

2. Histoncally^ the superior antileukemic benefit of 
autotransplants was negated by ^ higl i procedural mor- 
tality of autologous transplants (14% in the US Intci^ 
group study and 18% in the MRC AMI. 10 smdy). Were 
this inOTtality to be reduced by about J 0% then the con- 
clusions from these studies may be quite different Cur- 
rent use of peripheral blood as a source, of stem cells for 
autotransplants is associated with an e\bt:mely low pro- 
cedural mortality." 

3 . All the major reported trials used bone marrow as 
the source of the stem cells and may not be relevant to 
current clinical practice in many centers. Aside from the 
hi^r procedural mortality, the mori>idity when bone 



IWeis-RelapaetOllewtngaUogenfiletiansiilant, autologous 
transplant and chemolherapy. 



once again, this was basoh on a very 
of 18 patients using an intent-to-trcat analysis 
11 patients actually received this form of 
therapy Nevertheless, this appears to jrepresent a thprapy 
with the palest potential for prevention of relapse. 



Allogenelq 
transplant 



Autologous 
ttana^nl 



Ctwmo- 
tharapy 



SmEM A. 1 995^ 24% 40% 

GOELAM,1d97»» 28% 4W 

•Mnc.i9aBa5 19% 

ECOG/SWOQ,ig98^ 29% 4d% 



67% 
55% 
63% 
61% 



• Data for cMldren excluded. In the MftC study, BMT was compared 
with an oDservatfcpn ami atler4 cycles of cheniottierapy. ratherthan 
a*Mct compaiison wHh wsh-dosechemcuherapy es In the other 
studies. 

Abbreviailons:SWmbIe3:eiMEMA. Qruppu HalianoMatenie 
£maiologtehe Maligna dan'Adulto 
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marrow is used| is considerable wjtfi a median time lo 
neutrophil recovery of approximately 25 days and over , 
7 weeks for plaielet recovery. With such morbidity and 
mortality, usin^ bone manow, there had to be a vastly 
superior advantage to transplants for this to be consid- \- 
ered a better option than chemothexapy. ! 

4. Howeveq. most importantly, data from these stud- 1 
ies are impossible to interpret due to the small number, 
of patients ana^zed per subgroup. The first disappoint- 
ment was the very high dropout rate of patients, typical ' 
in all transplant studies. This dropout occurs at several; 
stages. Only ajproportion of patients eligible for ran-f; 
domination aftcir induction actually go on tp randomiza-j] 
tion. Also, a significant number of randornized padents:* 
never go on tol receive the transplant In the US Intef-^: 
group study approximately half of the patic^nts who wcrej 
randomi^^ to [an autotransplant never rejceived onc.^? 
The validity of intent-to-treat analyses is uncertain whenf; 
half of the patients do not receive tbeb intejadcd therapy.: : 
Fvrthennoic, vjrhen these studies were designed over a[| 
decade ago AML was considered as a single entity and}| 
the number of patients for these studies was determined^! 
based on this consideration. With identification of the! 
importance of jprognosdc groups, it became crucial lo^l 
consider each of the prognosiic subgroups. [Once the data^. 
for these subgroups are broken down, the njunbcr in eachl 
patient group is extraordinarily small making any analy- j 
sis dlfiScult anci potentially misleading. As an example,'' 
the US Intergrdup siudy^ accrued over 80Q patients, and| 
116 were assigned to autologous transplant. Howcvcrij 
only 63 (54%)| of these 1 1 6 paUents aduaaly completedj 
this therapy. These 63 padenta were then jlivided into 31 
subgroups: fa^joiablc, intermediate and unfavorable cy| 
togenetics, leading to an analysis based on numbers thai 
statisticians wpuld never have agreed to pad this beerij 
defined as the Jnimaiy endpoint at the tinie of design o^ 
the study." In fact, it has been estimated that in order to! 
condaci such a study in AML patients and obtain meanl 
ingful rcsohs jvith data that could be reliably analyze<^ 
an excess of 71.000 patients would be req aired. Thus, it 
is unlikely that such a study will ever le carried om 
which is the main reason why conflicting results from 
these transplant studies have been rcpor^ especialljj, 
when analyzed by subgroups. The most telling example 
of this may bd gleaned from the analysis pf the value ctf 
high-dose cytarabine in AML pati^ts wit i favorable cj^ 
togcnedcs. THe results from the CAiX5^ studies report 
a diseasc-freej survival m excess of 60% }'* in concras| 
the US Jntcrgifoup study reported that for this group of 
patients the 5[-year survival was only 35%. This sani 
study i^orted diat when ihe identical therapy was an- 
plied to a gtoup with less favorable, cytogenetic 
—the intermediate group— the 5-year survival was 55% , 
These data, while providing some biologic informadofi 
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emphasize the piifalls of drawing conclusion^ when small 
cohorts; are involved and the inability to compare data 
between different studies. 

Acute I^doid Leukemia in Older Adults 

Older adults have a dismal long-Cetm prognosis that has 
not improved much over the past two decides (Figure 
3)i They have more unfavorable prognostic factors at 
presentation and iheir treatment is made more difficult 
by their inability to withstand intenswe chernotherapy.^ 
Further the type of postremissiop flierapy diatthey re- 
ceive is generally considered to be sub-optimal even for 
tlie mdre favorable prognostic groups seen in younger 
adults.i.lhe critical factor is that a biologicdly unfavor- 
able disease is treated sub-optimally. 

Older adiilts who do not have significant co-mor- 
bidities should be treated with standard hidut-tion therapy. 
With such therapy 50% of such patients can achieve a 
OT.^^ '^i^The major difficulty relates to the selection of 
postxemission therapy. Though patients cin generally 
toleiute one cycle of cytarabine given at soniwhat lower 
doses than is usually given for younger aitults/^ it has 
never been shown that this improves the long-term out- 
come. ^'This population represents the majority of indi- 
viduals with AML, and major efforts are needed to de- 
termiiu^ the best therapy in this group of patients wifh 
the aim of achieving a possible cure in some patients 
and a prolongation of tiie disease-free sunival in many 
othersl: Maintenance therapy has been sradied in the past 
witii sotnc evidence that this can prolong the disease- 
frcc siitvival.^ Current strategics aim to en^phasize non- 
mycldablative immune modulation following induction 
and limited intensive posi-remission th»apy and include 
phase in studies evaluating the role of IL -2/histaniine, 
IL-2 jCCALGB) and Fit 3 Ugand (ECOG/SWOG/ 
CALGBJ. Future strategies to prolong the disease-free 
survival! in older adults include proposed studies of 
gemtpziimab ozogamicin, fenoesyltransfei^e inhibitors 
and bel-i antisense oligonucleotides. Clearly, this is flie 
area With the greatest challenge in AML: applying a less 
severely! myeloablative form of postremission therapy 
that liiay, nevertheless, core the most unfavorable prog- 
nostici type of the AML. Achieving tius nim has so far 
been adslve. Such breakthroughs voll, lil^ely, also ben- 
efit younger adults. 



n. MOLECULAK TarGUTS IN 

ACUTE MYfi)CX>n> Leukemia 
Jerald Radidfi, MD* 



Acnt|,ipyeIoid leukemia (AML) is a hetei ogeneous dis- 
ease characterized by a myriad of genetic defects. These 
■ ^translocations involving oncogcneh and transcrip- 
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don factors; activadon of signal transduction pathways, 
and alieratipns of growth factor receptors. If each type 
of genetic Ibsion found ifi AML involved a distinct pro- 
cess to cause leukemia, then 'targeted'* therapy directed 
at spcciiic ft^etic lesions would be fatile^-quite sim- 
ply, there would be too many potential targets. How- 
ever, it apphais that many of the pathways perturbed in 
leukemogehesis interact, so that a limited number of 
spcdQc targets may be useful in a wide variety of AML 
cases. Indeed, if multiple genetic abnormalities are 
needed tp c^usc and sustain AML, then the blunting of a 
single aberrant pathway may be enough to eliminate the 
prolifcrativp advantage and curb ihe disease^ 

In thisjshort review we will examine the signaling 
pathways involved in lenkemogcnesis, with specific em- 
phasis as to how these pathways can be uLili2ed as tar- 
gets for noyel therapy. 

Normal S^al IVansdaction 

Signal traiteduclion pathways are designed to translate 
extracelluar signals (e.g., stimulation to respond to 
cytokine ligands, interferons) into intracellular action 
(proliferation, differentiation, survival). Perhaps the best 
understood pathway involves signaling utilising the ras 
femi)y of guanosine nucleotidases (GTPases). A highly 
simplified jcartoon of the ras signal transduction path- 
way is shown in Fignre 4 (see color page 541). The 
most impcvtant components include the following: 
I 

Receptor tyrosine kinase (RTK): These ligand 
Mndinig iBoeptors include PDGF, Fms, c-kit, and Fk 
3 J"* In genera] Oieir structure includes an octracel- 
lular Kgand binding region consisting of 5 irmnuno- 
globulin-like domains, transmembrane and juxta- 
meml^ane domains, and an intracellular domain 
with kinase activity CFigure 5; see color page S41). 
Grb-2 and SOS: Grb-2 is an adaptor protein thai 
functionally bridges the association of the RTK with 
ras, SpS is a guaninine nucleotide exchange pro- 
tein that femlilales ras-QDP->ras-GTP exchange. 
RaSr Harvey (H). Kirstcn (K), and N-raj are 21 kd 
GDP/GTP-binding proteins that serve as the hub of 
signajj transduction."^ All three ras proteins are cx- 
presscjd in most tissues, but die constellation of muta* 
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tions (i.e., N-my vs. K-rtw) tend to be disease spe- 
cific* 

GAP, NF-1: These aic GTPase act ivadng protdns, 
that catalyze the inherently slow GTPase activity of 
ras, converting active ras-GTP to an inactive ras- 
ODP form.' 

Briefly, extracellular ligand (L) interacts v/ith tbe 
RTK liiat causes receptor dimerization (Figure 4). This 
prompts activation of die RTK and sub^sequcnt receptor 
autophosphoiylation. This phosphoryluted RTK can in 
tiirii phosphylate and activate Grb-2, ihe adaptor pro- 
teiii, which when coupled to SOS, causes activation of 
thejlras. Inactive ra^ remains bound widi GDP. and the 
interaction with Orb2-SOS causes ras to become acti- 
vai^ by GTP binding. This produces :v conformational 
change in ras, and promotes interaction >vith downstream 
ef^ctot proteins. Since ras has an hitrlnsically slow 
GljPiase activity, the switch back to ttic inactive ras-GDP 
state necessitates the activity of the GTPase-activating 
proteins (p21D GAP and NF-1). 

|[ Activation of ras causes activation of several down- 
stream pathways, which may effect cell proliferation, 
di^erentiation, and apoptosis/-'^ The serine/threonine 
kuiiase Raf Is activated by direct association wiib ras, 
anci in tum activates the M AP/ERK Idnnse (MEK), which 
acQvates downstream mitogen-activating protein kinases 
(^JkPK), such as otlracellular signal-icgulated kinases 
(eIrK 1 and 2)." These in mm phosphylate cyioplasmjc 
tar|ets CE^k. Mnk) that translocate to the nucleus, caus- 
ing activation of transcription involveil in proliferation. 
Ra!s activation also may influence cytoskcleton organi- 
ZJcdon through activation of Rac and Rho- In addition, 
ra^ may promote cell cycling toough the activation of 
ciclin D dependent kinases (CDKs), by interacting 
alone, with Raf, or with Myc. Lastiy, r i s may play a part 
in inhibiting apoptosis. The activation of PI-3 kinase by 
i*as activates c-Akt, which has been demonstrated to pro- 
tect against apoptosis. Thus, ras pathways may take part 
inlan extraordinary range of pathwa>'s regalating cell 
proliferation and death. 

I Hie initiation of the signal casctide takes place at 
tiic intracellular membrane, and thus re 5 must move from 
tfa!e cytoplastic space to that site of notion. For mem- 
brane association, ras proteins must unclctgo a post-trans- 
laSon modification called prenylation, which adds an 
iJJjprenojd moieiy to the cyiopla*^mic ras.'* This 
pjlenylation is accomplished by the cmrymes famcsyl and 
gcianylgeranyl transferases, which atld IS and 17-mer 
uloprenoids, respectively, to the ras pitDtein- Prevention 
otelprenylation keeps ras in the cytoplusmic space and is 
tile underlying rationale for therapy directed at the inhi- 
tekon of famcsyl transferase. 
1 j The Janus kinase-signal transducer and activator of 
tianscription (Jak/Stat) patiiway is atilizcd by many 



Hematoldgy 2001 



69 



PAGE 2IV48'RCVDAT11/1f2006 3:56:05 PM [Eastern Sta^^ 



11/01/06 16:03 FAX 6107386590 



CEPHALON, INC. 

Ik 



USPTO MAIN 



12)021 



membeis of the cytokine receptor superfamily (erythro- 
poietin, interferons, granulocyte colony stimulaiing fac- 
tor [G-CSF]).'^'.^ These receptors, unlike the RTK noted 
above, lack their own intrinsic tyrosine kinase activity. 
Binding of ligankl to receptor causes antophosphoiylation 
of Jaks, and theiactivated Jaks in mm phosphoiylate the 
receptor. Thcsej phospborlyated receptors are docking 
sitEs for sigaaliyg protdns, including Stats, which are in 
turn activated By phosphorylation. The activated Stats 
form dimers (either homodimers, or hctcrodimCTS with 
other Siais), translocate into the nucleus, and bind to 
specific DNA sequences^ regulating gene transcription 
(Figure 4). There are at least 4 Jaks and 7 Stats, and the 
complex Ititeraction between Chese regulate gene tran- 
scription in anjelaboiate fashion diat is both gene and 
tissue specific. Further complexity arises in diat Jaks and 
Stats may play a role in pathways not strictly in the Jaks/ 
Stat pathway (e,g,, Jak/STAT activation may occur 
through activation from the RTK/fw/MAPK pafliway). 
I 

Abnormal Signal TVansdacdon in AML 

Pertorbations in tlie signal transduction pathway are com- 
mon in AML and occur through a variety of mechanisms. 
The precise cellular consequences of such inappropri- 
ate activation are unknown, but functionally it can be 
thought of as an uncontrolled activation of downstream 
targets causingiinappropriate signals for proliferation and 
survival. 

Tyrosine kinasis receptor nmations 
Mutations in ifee Fms, Kit, and Flt3 RTKs have been de- 
scribed frequeptly in AML (Tsble 6). Activating point 
mutations in the kinase domains of Fms liave been de- 
scribed in 5-lOrp of selected AML cases.""*^ Deletions, 
insertions, and point mutations have been found occa- 
sionally in thti Kit receptor, often in cases with a mast- 
cell phenotypc.*°^ However, mutations in the Rt3 RTK 
appear quite common and may be the most common 
mutation so far discovered in AML-^" 

The Flt3 receptor is prefercntiaEy expressed on he- 
matopoietic stem cells and mediates stem cell differen- 
tiation and proliferation. Flt3 receptor activation causes 
proliferation 6f AML cells in vitro, as it appears to boltii 
stimulate proliferation and inhibit apoptosis of the AML 
cells. Recently a unique mutation has been described=ln 
the Flt3 genet whereby a fragment of tlie JM domain- 
coding sequence (cxons 11 and 12) is duplicated in di- 
rect head-to-ty I orientation. This creates a so-called in- 
ternal landBmjduplication (TTD) mutation (Hgure 3). The 
length of the WD varies firom approximately 20-200 base 
pairs and the buplicated sequence is always in-frame: In 
vitro studies have shown that mutant FltS/TTD receptors 
arc dimerized in a ligand-indcpendent manner, leatog 
to autophosphorylation of the receptor through consti- 
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tutive activation of the tyrosine kinase moleiii^s, and leads 
to autonomous, cytokine independent growth in the 
mutant cells. Activation of signaling procevxfe through 
tiie roj/MAPK and Stat 5 pathways.**^^ 

Several studies have explored the prevalence and 
significance of the Pli3/1TD mutation. Common [hemes 
in these studies are that the mutation is associated wifli a 
pronounced leukocytosis, that tiic prevalence appears to 
increase widi age, and that the presence of ihe Flt3/ll JJ 
may be associated with a poor prognosis, purucularly in 
the pediatric population. The prevalence of ihe FltS/TTD 
in two J^anese pediatric studies ranged Irom 5-11%, 
and was associated with a poor clinical tjutcomc."'^ 
More recendy, analysis of 91 pediatric AML patients 
treated on a single Children's Cancer Group «.CCG) stndy 
was performed and showed that 15 of 91 samples 
(16.3%) were positive for the Flt3/1TD." Monc of the 
patients with the FltS/TTD had unfavorablv cytogenetic 
markers. Despite this, the remission induction rate was 
40% in patients with the FltS/ITD compan^d lo 74% In 
patients without die Fli3/nT), and event-fri:e survival at 
8 years was only 7% for those wife the F)i3/rrD com- 
pared to 44% for patients without a mutaiioo. The re- 
sults in adult AML are not as conclusive in regards to 
Flt3 and outcome. Two retrospective adult studies dem- 
onstrated thai the presence of the nt3/ITI> was associ- 
ated with poor outcome, Rombouts et al fou ad FltS/TTDs 
in 18/81 patients (22%), and found that the complete 
response rate (47% vs. 80%), relapse raics (75% vs. 
26%\ and leukemia-free surviva) rates (< H 1% vs. -A0%) 
were significantiy poorer in patients with I lt3 mutations 
compared' 10 patients without mutations.'^ Kiyoi found 
(he Flt3 mutation in 43/201 (22%) newly diagnosed AML 
cases but found no cfifcct of die mutation on CR rates. 
However, survival among those with the i^t3 mutation 
was inferior to those wldiout the mutation (-20% vs. 
50%).** On the otiier hand, a large study (N = 143) of 
"older** (> 55 years) AML cases from SWOG revealed 
that the presence of FIt3 /TTD did not ha^« an adverse 
effect on outcomes.^ However, in this vjldcrly AML 
group, response and outcome was universally (and pre- 
dictably) poor in all genetic subgroups. Th vs study found 
a very Wgh rate of Ht3/1TD in 34% of cases, thus forti- 
fying die association of increasing Flt3 ^ ith inaeasing 
age. 



lUbto 6. niK mutations in actite myeloid feuksnda. 

Mutation P^a'enoB 



RefB. 



Ria 

f=rn6 
Kit 



Internal tandem dupUcatlon 
Point mutation 
Point mutation 

PWnl mutafion, deletton. insertion 



15-3iJ% 
5-1 0% 
10-20% 
<10"fc 



39^ 
51 

35, SB 
37.38 
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Point mutations in the Flt3 activation loop have re- 
cently been described in 7% of adult AML patients,** 
Curiously these point mutations were not associatediwhfa 
leukocytosis, unlike HtS/TTDs, alUiough those having a 
point mutadon shared an equally poor event-free; sur- 
vive as those with the Flt3/ITD compared to parents 
without the mutation. While Flt3/ITD activation seems 
to work thrbagh ERK and Stat5 pathways, it is unknown 
if the polntj mutations behave in the same fashion. \ 

ras mutations 

. Mutations fn N-^ K-, or H- ras occiu: in approximately 
10-30% ofjAML cases (Table 7).'^ They also occur in 
myelodysRlastic syndrome (MDS) (-5-20%),"*i juve- 
nne CML pO-SO^)/"' and CMML (30-50%)."-^ Ras 
mutatioDS ^ccur rarely in blast phase CML,**^ In leuke- 
mia (as opposed to solid tumots), mutations are predonii* 
nately in N-ra.r, less commonly in K-raj, and quite in- 
frequently in H-ras, Tliese mutations are point muta- 
tions in cddons 12, 13, and 61, with raic exceptions,*^ 
and act to pievent the hydrolysis of ras-GTP; effectively, 
this caused the activated ras to he constitutively stuck in 
the "on" position. Intuitively this activation would likely 
}ead to co^titutive activation of downstream pathways 
nomially controlled by raSn but this may not entirely be 
the case. Fbr example, in a study of primary AML cases, 
fully one-half had constitutive activation of ERK^ but 
none of these cases had ras mutations. In addiiion,|mu- 
tated ras has been found in vilro to bypass some of the 
normal signal transduction intsmicdiaries and b\nk di- 
rectly with Ae tnmscriplion activator, JunB. 

: '} 
NF- J mutations \ \ 

Children with neurofibromatosis have an increased in- 
cidence olj juvenile CML (JCML), often associatedjwiih 
a mutation in the NF-1 gene. The structure and funption 
of NF- 1 isl similar to GAP, so that a decrease in its activ- 
ity promotes the maintenance of the ras-GTP state] pre- 
sumably iBsppropriately activating the transduction path- 
^ay ^7.4B "^ras mutalions also occur often in patientsj with 
JCML, but only hi diose with normal NF-1 GAJf mu- 
talions in jother myeloid leukcmias are rarc.^^ 



T^le 7. Ras mutations In myolold leutemia. 



I 



Disease 



Prevalence 



'I 



Acute myeloid reutemia 15-30% 

Myetodyfiplastic syndroma 5-30% * 

Juvenile chronic myeloid lauksmla 20-30% 

Chronic myeloid toukentia Rare | 

*Portiaps depending on phaso oTdlseasa. j 

••^fwlldtydeNF-1. ! 
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Aberrant activation of the Jak/Stat patlrway. 
The most direct example of aberrant activation of Jak/ 
Stat are from translocations that eithej directly involve 
genes or directly activate the pathway. For example, the 
t(9; 12) translocation involving Tb]-Jak'.1 has been fonnd 
in' 'both lymphocytic and myeloid leukemia.^* This 
hansloeation contains the helix-loop^hclix oligomeriza- 
tion domain of Tel and the catalytic ilomain of Jak2« 
Dimetization promotes the acdvation of Jak> which in 
turn leads to constitutive activation ol the dovmstream 
Stat 5/Similar activation of Stat 5 occncs from the inap- 
propiiatc kinase activity of Bcr-AbL In addition. Inap- 
propriate activation of Stats 1 and 3 have been found in 
primaiy acute leukemia ceUs. For example, mutadons 
in the RTK Ht3 appear to activate Stai 5, whereas acti- 
vating mutations in c-kit appear to acti\ are Stat 3 and (to 
ajlesser degree) Stat 1.^ 



Translocations 

lii^sloc&tions have been described that acdvate the ras 
piathway directly. For example, in CML specific domains 
oinlthe BCR moiecy of the chimeric BCR-ABL protein 
interact with the docking protein Grb-2, which then 
douples with SOS to activate ras. In CMMU the t(S:12) 
tljuikpcation involves the Tel gene ai^d the P chain of 
IpbcFR." The Tel dimerization causes autophosphoryla- 
t^cm of PDGFRj which activates ras via iin interaction with 
Gib-Z/SOS. In addition, the central rol^^ of ras activation 
inibMML is underlined by the frequent mutation in K-ras 
inliliose patients widiout the t(5;12) trffi\sloca4on. 

Tiaked together, aberrations in signal Iransduction path- 
ways jappear to be quite common in AML. In fact, two 
stpdies have measured the frequency of ras and F]t3 
m^ptations in a single population and found that just these 
dwo genes account for 30-50% of patients with muia- 
•^onsanvolving the RTK/ras pathway. Analysis of Kit 
!and Fjns receptors might increase ihi*. prevalence even 
ftlithen Thus, drags designed to taigct diis pathway, par- 
* ticularly at downstream "choke point*. " might be effcc- 
' e ih a suiprisingly large number of AML cases. 



. I^^ew Drus» Aimed at Molecular Targets 
, To reiterate, mutations in the nij-mediated signal trans- 
' Suction pathway are present in 30-50% of AML by di- 
] reict mutational analysis. Indeed, approximately 50% of 

WivllJ cases at diagnosis have abnormtd phosphorylation 
: p!^ ERK, indicative of inappropriate pathway activation. 

TOrgtited Aerapy could be leveraged .it many fronts. 

jlrJno/ff/or FTK inhibition 

' liL noted above, mutations in FTKs :ue a common ab- 
normality in AML. The exciting success of the tyrosine 

i: 
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kinase inhibitor (TKl) STI571 in CML has canaed a 
fluny of activity toward developing TKIs directed at 
aberrant RTK f6naion.^<^ Unfortunately, while STI571 
inhibits Bcr-Abl, Abl, and PDGF, it has limited activity 
on FIt3 or Fms;'" however, it has substantial activity 
against c-kit and may be effective in the small subset of 
leukemia patiei^t$ harboiing that mutation. In c-kit mu- 
tant cell lines; the addition of STI571 inhibit* BCit 
autopbosphoryladon and effectively blocks activation of 
BRK aod AkL^ Inhibition of FIt3 in mouse and human 
leukemia cells can be accomplished with the TKIs 
hcrtnmycm A and A01296, which Inhibit mutant Flt3 
auiophosphoryiaixon as well as abrogate jn vitro growth 
independence of Flt3/nD cell lines.''' 

Treatment iwith the novel tyrosine kinase inhibitor 
SU5416 has.repently been described in an AML patient 
in refractory seicond relapse.*^ SU54] 6 blocks the activ- 
ity both vascular endothelial growth factor receptor 2 
(VEGFR-2) arid the stem cell factor (SCF) receptor c- 
kit. The patient treated had evidence by flow cytometry 
of blasts thati expressed both VEGFRt2 and c-kit. 
SU5416 monotherapy was instituted and by 12 weeks a 
CR was achieved. This CR was durable fbc an additional 
6 months on maintenance SU5416 therapy alone. Analy- 
sis of the bon!& mariDw microenvironmcnl revealed a 
decrease in miprovessei density suggesting a decline in 
angiogenesis daused by VEGFR-2 activity. The report 
is the first documented durable reroissioni induced with 
specific RTK ijohibition in AML. ' j 

Ras inhibition] , : 

Famesyltransfferase inhibitors (FI) target the post-trans- 
ladonal modification of ras to prevent su^ellular local- 
isation necessary for participation in sigrial transduction. 
The first phase I trial of a FT inhibitor m hematological 
malignancies has recentiy been complctejd in 35 adults 
wiUi refractory and relapsed acute leukernias.*' The non- 
peptjdoraimetic FT inhibitor Rl 15777 was given at doses 
from 100 mg b.l.± to 1200 mg b i.d. for up to 21 days. 
Dose-limiting jncurotoxicity was encountered at 1200 mg 
b.i.d. The ove^ll response rate in 25 AML patients was 
32% (8/25, \fviith 6 partial and 2 complete responses). 
Biochemical assays showed that the FT. activity was in- 
hibited by a dose of 600 mg b.i.d., and at this level clini- 
cal responses jvere seen in 2/7 (29%) AML panenis, sug- 
gesting that this may be a reasonable drug level for fu- 
mte phs^e 2 trials. Activation of tiie MAPK pathway 
was foutid in k patients, and in 4 this activity was curbed 
after Rl 15777 treatment. It is unclear if ttic patients witix 
ERK responsfc were the same that revealed clinical re- 
sponses] Curiously, none of the 25 AML patients had 
evidence of l^-rtis mutations; RTK mutations were not 
evaluated. Hdwever. 3/5 patients witii; monosomy 7, a 
defect liiat may be associated witii aberrant ms cxpres- 



fiion» h{ d a clinical response, implicating some activity 
against ras. activity. How, then, is R115777 working in 
the buK of tiiese patients? Other effectors of ras activa- 
tion, sulfeh as RhoB, and members of the PD/ AKT-2 path- 
way, need famesylation for activity, and p^ahaps tiiese 
downstream cfTectors represent more cmciiil targets for 
FT inhibiti'on.«^« 

Tblere may be other targets for ras inhilntion, based 
on its necessary physical interactions with downstream 
effectors. X-ray crystal structures of norm^d and onco- 
genic w.hkvcbeen determined, and crucial binding sites 
of SOsj. g!\P, and Raf have been defined.^' ^ These are 
rational targets for small molecules designed to block 
these i^ea^ of prolein-protein interaction. Moreover, elu- 
cidatio'k of die conformational changes thai occur in the 
mutant! ms protein structure may provide ^micmral tar- 
gets M therapy. Lastiy, the finding that mut«ited mr binds 
Jun, perliaps bypassing normal ras signaling pathways, 
offcis a potential target that would maintain normal ras 
functirm'ii 



Rationale for Jak/Stat inhibitors 
Activatioii of die Jak/Stat pathway appears common in 
AML,|psp;ecia11y involving Stats 3 and 5. Inhibiting ac- 
tivation of Stat ccnild be accomplished ai the receptor 
level AyfblockiDg ligand binding or inactivating RTK 
activit^)|i^ty blocking Stat phosphorylation and subse- 
quent l^krization, by small molecule intc* factions wiUi 
the SH2{jdomain, or by small molecules targeting Stat 
conserlsiis DNA binding domains.^ In addition^ oUgo- 
nucleopi^e thcr^ has been directed at iiihibiting Stat 
cxpre&io^-'*^ These novel approaches an- curtentiy m 
the pr^-e'linical phase of development. 

The llijjcivery of New Moleciilar Targets 

The s^dyjof the molecular biology of lcuk«'mia has been 
limit^ m tiic painstaking process of gene identification 
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and tilt (fifeiculty of unraveling tixc compile :iied networks 
tiiat dove normal (and abnormal) cellular fimcti on. How- 
everrmej:payoff of die Human Genome Pi oject and die 
advaiil:^^^ micro-engineeting and informaties h-^ ush- 
ered ik inarea of genetic icseaix* where it is possible 
to stuliy y 1 0,000 genes simultaneously by use of mRNA 
expr^isi op arrays. While this technology in its infancy, 
it has tlileady been demonstrated that it mi >y be a power- 
ftd topi for finding new biological classilication meth- 
ods iisleukemia and lymphoma. For cjianiple, the work 
of Gokublet al suggests tiiat gene arrays t an be used to 
deteirnine a set of genes that distinguish Al L from AML, 
andhjS^considerableprom^ aiaolecularclas- 
si^<OTdi)j of cancer.** As a model appro:ich. the study 
demoJisttated the feasibility of molecular classification 
and desSibed a general strategy for discovering new 
classifepytion schemes independent of previous knowl- 
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edge or biases. Such technology may also be used to 
study pathways as well. Experimental studies have been 
successfully perfomicd in yeast, where pathways have 
been mapped by using controlled manipulations of vari- 
ables foUov^ed by mRNA expression analysis.^ This has 
elucidated considerable, unanticipated "ctoss^alkf' be- 
tween several MAPK mediated pathways, such es those 
regulating filamentous growth ai\d mating responses. 
Similar approaches can be imagined Id human cancers. 
Unanticipated and unique pathways might be uncovered 
in leukemia cells that axe quite different than normal 
pathways. The effects of potential drags on various path- 
ways can be assessed* and interactions discovered that 
would likely never be apparent with conventional meih- 
odology. 

Conduslon 

Leukemia cells bypass normal control of growth, differ- 
endation, jCnd apoptosis. However, in skirting these nor- 
mal checks and balancef;, they place themselves in die 
tenuous position of relying on abeirani cellular mecha- 
nisms for survival. For example, if the activation of tiie 
ras pathway causes both inappropriate proliferation and 
a block in apoptosis. the inactivation of the pathway may 
both decrease the proliferation drive, as well as relieve 
the check of programmed death. The results wi fli STI571 
have shown how ungovemed signal transduction can be 
used as "pharmaceutical judo*' to control disease when 
the aberrant signal is suddenly blocked. Fuxther .charac- 
terization of signaling pathways in AML, partncrcd with 
novel drug development, prorruscs a new approach to 
the treatment of leukemia. 

m. iMMll^OLOOlC APPROACHICS TO THE TVEAXMSt OF 

Acuts Myeloid Leokemia 

Frederick R. Appelbaum, MD* 

The creation of an effective immunologic approi^ to 
the treatment of acute myeloid leukemia (AML) has been 
a goal of many researchers over the past two decades. 
Finally, with the development of gemluzumab ozog- 
amicin (NjjLylotarg), dierc is one example of a'tiierapy 
based at least in part on an unmunologic approach that 
has won l^A approval for the treatment of AML. Re- 
cent advances in immunology give us hope thai tins ex- 
ample will be neither the last nor die best. Tlus' brief 
aitide offers a review of preclinical and clinical work 
cuxt^tiy Imdcrway in the field. 



* Fred Hutchinson Cancer Rcseaich Center, 1 100 Falrvicw Ave 
N. D5-3 lo! P.O, Bex 19024, Seanle WA 98109-1024 
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Antibody-Based Approaches to AMI< 

Unconjugated monoclonal antibodies 
Unconjugated monoclonal antibodies can kill tumor cells 
in one of three general ways. They can induce fatal Im- 
munologic injury via complement-dqiendent cytotox- 
icity (CDC) or antibody-dependent cell-mediated cyto- 
toxicity (ADCC). They can react with i:ell receptors re- 
sulting in signal transduction events tiuic directiy lead lo 
apoptosis v^rithout a significant contribut>on from CDC or 
ADCC. And finally, they can, at least theoretically, block 
the binding of odier factory necessary for cell survival. 

The only unconjugated antibodies systematjeally 
studied in AML target the CD33 antigcu, CD33 is a gly- 
coprotein found on blasts from more tlian 90% of cases 
of AML. It is expressed on almast all normal early my- 
eloid and ery throid progenitors but is not on normal he- 
matopoietic stem cells or nonhematopoietic tissue. Al- 
though the normal function of CD33 is not known, it is 
thought to be a member of the Si^lec family with 
immunoreceplor lyrosine-based inhibiiory motifs in its 
cytoplasmic domain. There is no evidt^ncc thai ligation 
of CD33 induces apoptosis; thus, use of unconjugated 
antibody tiierapy in AML directed at C033 is thought to 
depend on the antibody*s ability to inflia ionmunologic 
mjury on die uimor cell. 

; Initial studies of murine anti-CD33 antibodies 
showed that the antibody could be adnunlstered with 
relatively little toxicity other than fevwT and chills, that 
there was rapid uptake of antibody in marrow and spleen, 
an|d that antigenic sites on leukemic and normal cells 
were saturated with antibody doses <*f 5-10 mg/m^.*-^ 
wjhile transient drops in circulating bla: t counts occurred 
inisome patients, no sustained responses were seen, dem- 
onstra^ting that the murine antibody was incapable of 
initiating an effective immunologic response. 
. j In an effort to increase immunologic potency, the 
Sloan-Kettering group developed a chimeric humanized 
fo;rm of one anti-CD33 antibody, ternied HuM195. In a 
please n trial of this agent in 35 patients, transient drops 
\xi peripheral blast counts were seen, and one patient with 
le^s than 30% blasts at the start of trcimient achieved a 
■cbmplete remission.' Attempts to augment the inununo- 
lolgie. reactivity of HuM195 by combining it with IL-2 
did not lead to a marked increase in clinical activity.^ 

'! Given the relative lack of activity rn overt AML, 
subsequent trials of unconjugated HiiM195 have been 
conducted in patients in clinical rcnus »*jon. In one study, 
patients with acute promyelocytic leukemia (APL) in 
remission following treatment with i hcmotiierapy and 
retinojc add were given 3 n\g/m» HuM195 twice weekly 
for six doses. Of 27 patients m first iwiission, 22 had 
.cjddencc of minrma] residual diseast*. by reverse tran- 
: sfcription PGR assay for PML/RARarisarrangements. Of 
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these 22, 1 1 became PGR negative after antibody 
therapy.' Cartent trials are examining HuM195 in com- 
bination with rednoic acid and arsenic trioxide in APL 
and in combination with convendonal chemotherapy for 
patients mth AML in first relapse. 

Drug conjugate^ and bnmunotojdns 
Allhoygh unconjugated antibodies to CD33 do not have 
major clinical ajctivity in overt AML, the antibodies are 
capable of reaching sites of leukemia, satnrating the an- 
tigenic sites on leukemic cells and internalizing after cell 
surface binding. These observations together with the 
fact that CD33 as absent from the surface of the nonnal 
hematopoiedc intern cell and all non-hematopoietic sites 
suggested that antibodies to CD33 migjit serve as an ef- 
fective vehicle to target potent drug conjugates to leuke- 
mic cells wlule sparing the aorxnal hematopoietic stem 
cell and normal organs. 

Working with investigators from Lederle Laboraro- 
rics» the Seattle group developed the drug immuno- 
conjugate My iqtaxg, which joins a humanized anti^C£>33 
IgG4 antibody to the poteni antitumor antibic^tic 
calicheamicinj Mylotarg was initially evaluated in a 
phase 1 dose escalation trial involving 40 patients with 
refractoi7 or relapsed AML.* Patients received 0.25- 
9 mg/m^/dosc ql4 days for up to 3 doses. Dose escala- 
tion was stopped at 9 mg/sn^ because at that dose more 
than 90% of antigenic sites on leukemic cells were 
saturated. The' most common side effects were fever, 
chills, Iran si cat trans aminascmia and the expected 
myelosuppressioD. Peripheral blast counts dropped in 
virtually all patients receiving doses of 6 mg/m- or 
more of drug . I When all dose levels were considered, 
8 of 40 patients (20%) had complete clearance of bone 
marrow blasts, 3 of whom had full hematopoietic re- 
covery. ! 

The combined results of three multicenter phase II 
trials of Myloijarg have recently been reported^ In these 
studies, 142 patients with AML in first relapse were 
treated with 9 ing/m^ of Mylotarg on days 1 and 14. Most 
patients experienced the post-infusion syndrome of fe- 
ver, chills and (hypotension, but this usually cleared by 8 
hours. Grade i-4 mucositis (4%), nausea and vomiting 
(11%) and serious documented infections (28%) were 
less frequent than seen with most aggrassive reinduction 
re^ens. Grade 3-4 elevation in transaminases was seen 
in 17% of patients and was usually transient, although 
one of the 142 patients died of apparent veno-occlusive 
disease of the liver. Overall, 30% of patients achieved 
remission^ defined as less than 5% blasts in marrow and 
recovery of rdd cell and neutrophil counts to normal and 
platelet transfusion independence. Of these 30, 1 1 had 
not recovered iDo 100,000 platelets prior to receiving sub- 
sequent post-reinduction therapy. Based on its activity 



and favorable safe^ pio5te, Mylotaig was ixppnxveA by 
Ihe FDA for the treatment of CD33 positive AML in 
first rdapse in patients 60 years and older who are not 
good candidates for aggressive reinduction regimens. 

An analysis of leukemic blasts from 126 of the 142 
patients treated on the phase JI Mylotarg studies de- 
scribed above found that increased surfieicc^ expression 
of P-gJycoprotejn (Pgp) and increased Pgp function, as 
demonstrdicd by cyclosporinc (CSA) inh>bitable dye 
efflux, correlated with treatment failure." Specifically. 
52% of samples &om patients who failed ti> achieve re- 
mission exhibited dye efflux compared 10 only 24% of 
those from patients who achieved remission. Similarly, 
apoptosis induced by in viao exposure to Mylotarg was 
reduced in blasts with high levels of Pgp expression and 
in those from patients who failed to achieve remission. 
Addition of cyclospoiine to cultures contain! ug Mylotaig 
significantly increased ^ptosis in approximately 1/3 
of such cases. 

Cuirenttrials of Mylotarg include the use of the agent 
as dfi novo treatment in older individuals, in combina- 
tion with cytarabine or cytarabine plus an ajithracycline, 
as a debulking agent prior to nonablative transplanta- 
tion, as maintenance ther;q>y in younger pAtienis in re- 
mission, and in combination with cyclospt»rine. 

As an alternative to targeting CD33, Prankel et al 
have developed a fusion protein consistin*^ of granulo- 
cyte-macTt>phage colony-stimulating factor (GM-CSF) 
combined with diphtheria toxin as a means to specifi- 
cally target myeloid cells. An early r^ort of a phase 1 
dose escalation trial reported on 26 patients witii relapsed 
or lefiractoiy AML.' FrequcnUy seen toxiciiics were gen- 
erally limited to fever and diills, and in 3 of 1 he 26 patients 
greater than 90% reduction in marrow blast^^ was se^ 

RadioimmuTWConJugcUes 

Radioimmunoconjugates have been Investigated as 
therapy for AML both as a stand-alone trcitment and in 
the context of hematopoietic cell transpl.mtation. Be- 
cause leukemia cells are adjacent to nonn;d hematopoi- 
etic siem cells, the only real hope of dcliverhig adequate 
doses of radiotherapy to the tumor cell w>thout also ir- 
radiating normal stem cells would be wich a radionu- 
clide possessing an extremely short path length, such as 
an alpha emitter like -'^i. The Sloan-Kt itering group 
has explored a *^^Bi-HtiM1 95 conjugate in a dose esca- 
lation trial.'** Seventeen patients with reiMitent AML 
were treatcd witii HuMl95 conjugated ti' 0.28-1 mCU 
kg ^^^Bi and, although blasts decreased in numbers in 12 
of 17» no conqjl^te responses occurred ajid pancytope- 
nia was significant at the hi^r dose levels. 

Given die obvious concern that radionuclides tar- 
geted to leukemic cells would irradiate adjacent normal 
stern^ cells, most trials of antibody targeteil radiotiier^ 
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for AML have now been conducted in the context of 
hematopoietic cell transplantation. To date, three difiEci- 
ent targets have been explored: CD33, CD45 and CD66. 
The ration^e for these studies comes, in part, from prior 
randomized trials attempting to identify an optimal dose 
of total body radiation (TBI) included in transplant pre- 
parative regimens. In these ^dies» it was fonnd that in- 
creasing thp dose of TBI from 12 to 15.75 Gy signifi- 
cantly reduced the risk of post-transplant relapse but was 
assodatod ndth an increase in non-relapsc mortality,'* " 
If, by using radiounmunoconjugates. the dose of radia- 
tion to sites of leukemia could be similarly incieascd 
without affecting normal tissues such as the liver, lung 
and gastrointestinal mucosa, then cure rates might be 
significanUly improved. 

An initial trial in Seattle involved the use of 
labeled ann-CD33 in 9 patients with recurrent AML.* 
The trial design involved first administering a trace- 
labeled dose of the antibody to deierminebxodislribution 
and, if more radiation was predicted to be delivered to 
the marrow, spleen and other known sites of leukemia 
than to normal organs (a finding termed ''favorable 
biodistribqtion**). treating patients on a dose escalation 
trial by adhjiag increasing dose^ of "'I-labeled to anti- 
CD33 to aistandard 120 mg/kg cyclophosphamide (CY) 
plus 12 Gy TBI regimen. Although rapid uptake of Ihe 
trace-labeled antibody in the marrow and spleen was 
seen, the residence time of the radionuclide was very 
short, due to antigen-antibody internalization and 
dehalogenjation, and in only 4 of 9 patients was "favor- 
able'* biodistrlbution found. 

Jurcid et al from Sloan-Kettering have explored a 
similar approach, adding "11-M195 (120-230 mCi/m>) 
jn 2-4 divided doses to a standard busulfan (BU) 16 mgf 
kg plus oy 120 mg/kg preparative regimen." They tb- 
port that among 19 patients all engrafted, and no unex- 
pected toxicities were seen. However, because of the 
*>hort retention of the ladionuclidc in the mairow, this 
approach pquired multiple mftmons of the radionuclide 
to achieve the desired marrow dose, which led to pro- 
longationjof the preparative regimen and die peri-trans- 
plant neutropenic phase. Given this experience, the 
Sloan-Kettering group is now exploring the use of 
HuM195^a radioimmunoconjugate that they hypothesize 
should T^idt longer in marrow and leukemic sites. An 
initial phfse I trial appears to support this hypothecs.** 
Their group is now exploring «»Y.HuM195 pins etoposidc 
as a stemi ceD transplant preparative regimen. 

CD4i has been explored as an alternative target for 
radioimmunotherapy in AML. It is expressed by most 
hematopoietic cells, save mature red cells and platelets, 
and is ndt expiesscd by non-hematopoiedc cells. Com- 
pared to icD33, It is found in far higher copy numbers 
per cell £^d does not internalize upon antibody binding. 



Preclinical studies in mice and macaigues showed that 
'^'I-labelcd anti-Cl>45 antibodies could deliver higher 
doses of radiation lo spleen (13-fold) and marrow (3- to 
4-fbld) than to any normal organ,^^'^* 

Given these data, Matthews and the Scattie group 
conducted a phase I trial in which patients with recur- 
rent acute leukemia were given a tract-labeled dose of 
an "1-labelcd murine anti-CI>45 antilwdy (BC8) fol- 
lowing which biodistribution studies uere conducted." 
If favorable biodistribution was found, padents went on 
to receive increasing doses of "1 conjugated to BC8 
combined with CY (120 mgflpg) plus 12 Oy TBI fol- 
lowed by mairow transplantation. Among 44 patients, 
favorable biodLiiribution was found in 84%, with mar- 
row and spleen receiving 6-13 cGy/mCi as opposed to 
2.8, 1,8 and 0.6 delivered to liver, luty-s and total body. 
Mucositis became dose limiting at dosi*^ above 10.5 Gy 
delivered to normal organs. This, in tiun, meant that it 
was possible to administer approximaitily 20 Gy of mar- 
row via the radioimmunoconjugate in ax Idition to the stan- 
dard CY plus TBI regimen. Approximately 30% of pa- 
tients treated on this study became long-term survivors, 
but given padent heterogeneity, no conclusions about 
possible impact of the added radioinummotherapy on 
outcome are passible. 

A phase n trial of "*I-B<38 combined with standard 
dose BU (16 mg/kg) plus CY (120 mf /kg) as a prepara- 
tive regimen for patients with AML with first remission 
is ongomg." The dose of "1-BC8 is calculated to de- 
liver 5.25 Gy to liver, or approximatily 12 Gy and 29 
Gy to marrow and spleen. Among 40 patients so ftir 
treated, relapse rates have been low (159b), grade 3-4 
toxicity acceptable, and 70% of patients arc calculated 
to be ahve, disease-free, at 5 yeais. 

CD66 is present on maturing hem; ttopoicdc cells but 
not on leukemic blasts. However, by laigeting CD66, it 
should be possible to deliver radiaUoti to leukemic cells 
asiinnoccnt bystanders. Bunjes ct al liave been explor- 
ing the use of "Re-anti-CD66 as an adjunct to a stan- 
dard preparative regimen and report that they can de- 
liver approximate 15 Gy to marrow in addition to a 
standard preparative regimen."' Among 36 patients with 
myeloid malignancies, 58% are alive in remission 17 
months after treatment with this appioach. 

Celliilar-Based Approaches to AML 

Allogeneic hematopoietic ceU trcmspfantation 
Although the cxistftDce of a gi-aft-vcrsi is-leukcmia (GVL) 
effect has been recognized since it \vas first described 
bjf Barnes et al in 1956," only in the last few years have 
inVesdgators begun to focus on alloi'cneic HSCT as a 
potential immunoiherapeutic J3|)proai:h rather than pri- 
raiarily as a vehicle for delivering high dose Aen^y.-* 



Hematology 2001 



75 



PAGE 26/48* RCVD AT 11/1/2008 3:56:05 PM jEastem Standard Time]' SVR:USPTO-EF)(RF-2/5' DNiS:2738300 ' CSID:61D7386590 ' DURATION (nim<s):2142 



11/01/06 16:07 FAZ 6107386590 



CEPHALON, INC. 



USPTO MAIN 



01027 



Three gencrid observatioas have Jed to ^is change in 
focus. Hrst, studies have consistently found that after 
aUogencic HSCf, lels^sc rates arc least in patients who 
develop both acute and chronic graft-versus-host dis- 
ease (GVHD), higher in those who develop HO clinically 
evident GVHDj and higher stiU if T cells are depleted 
from the marrow graft," A second observatioD empha- 
sizing the potential power of GVL comes firom ihc re- 
sults of treating patients for post transplant relapse by 
infnsmg viable Bonor lymphocytes. Complete sustained 
responses have [been reported in substantial proportions 
of patients including Qp to 75% of patients with CML in 
chronic phase and 30% of patients with AML » A final 
set of observations that have dramatically increased in- 
terest in the GVL cffea show tbat allogeneic engraft- 
meot can be achieved followmg adminisnralion of pre- 
parative regimens that are not truly myeloablative. For 
example, the M D. Anderson group has been exploring 
the use of purine analogs (2-CDA or flndarabine) com- 
bined with various combinations of melphalan, 
idarublcin, or cytarabine to treat older or debilitated pa- 
tients with rayfeloid malignancies.*^ Slavin et al and the 
group from Jerusalem have explored the use of 
flndarabine coinbined with antilhymocyie globulin and 
busulfan (8 n<gA:g) as a preparative regimen with re- 
duced intensity." Storb and the Seattle group have shown 
that if intensive posi-transplant immunosuppression is 
given, iDcluding cyclosporine and mycoplienolate 
mofcdl, sustained cngraftment can be obtained in virw- 
ally all recipients of transplants from matched siblings 
following a preparative regimen consisting only of 
fludarabine 90 mg/m^and 200 cGy TBI.'* While each of 
thcie approaches has its own unique potential advan- 
tages and drawbacks, they all support several consistent 
conclusions. sustained complete cngraftment of al- 
logeneic stem cells can be achieved with non- 
myeloablative preparative regimens. Second, such trans- 
plants arc associated with considerably leas toxicity than 
tradidonal transplant approaches. For example, among 
the first 1 00 oaticnts treated on the Seacile regimen, with 
a median agdof 53, the 100-day transplant-rclaied mor- 
taDxy was 4.5%. Third, substantial numbers of patients 
with active difecase at die time of transplant have achieved 
complete remission and, although the follow-up is still 
short, most pktients transplanted while in remission have 
reroamed in remission. However, the numbers of patients 
in any one sAidy are stiU quite limited and follow-up is 
stiD too brief to allow for definitive conclusions about 
die efficacy of this approach. Nonetheless, the potenual 
power of thfe GVL effect coupled with the ability to 
achieve allotencic engraftment without the toxicities 
associated iflth very high dose therapy has generated 
increased interest in transplantation as an immunothcra- 
peutic approach. 
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While it is aitically hnpoitanl to define the clinical 
utility ot e;cisting non-myeloablative braiisplanl ap- 
proaches! ifor the treatment of AML, die procedure, as 
cuircndYiappUed, is still accompanied by a substantial 
inddcncS of GVHD. Further, it is upJikcly lUai the anti- 
leulfemici. effects of non-mycloablatjvc appi caches will 
be greater than seen with conventional transplantadon 
and likely will turn out to be less. Thus, metliods to aug- 
ment the 'GVL effect without causing GVHD ate needed. 
I' 

Polymorphic minor histocampaHbility antit^ens 
as targ^for GVL 

One approach to segregating the and-tumfr from anU- 
host Tc^ons following allogeneic HSCT has been to 
idendfylpolymorphic minor histocompatabltity andgens 
with ejqnession largely limited to hcmatopi detic tissues. 
Such axiiagcns might serve as useful targets firpost-brans- 
plant^'hoi derived T cell therapy that should, in prin- 
ciple. \yi capable of eradicating host norm:iJ and mahg- 
nam hematopoietic tissue. A number of minor histo- 
compa^ility antigens fulfilling this desc ription have 
beenidcntifledby the groups from Leiden andScalde,"-^ 
Shidies^jhave now been initiated in which tlonox derived 
T cells ipcognizing such antigens are isolated, expanded, 
and ihsk used post-transplant m those setiin:;a where nonr 
specifiitDU infusions have previously been used.-' 

Non-aifbgeneic targets for cellular thempy 
Use ofi polymMphic minor histocompaiibility antigens 
as a mLans of segregating GVL from GVTO. while ra- 
tionaljwill always require the setting of allogeneic HCT 
for app'iication. Thus, attempts have been made to iden- 
tify ndJi-allogeneic peptides associated with the malig- 
Iftenotypc that then might be used as candidate 
ins for bolh allogeneic and autologous T cell 
U or possibly as peptide vaccines. The two cat- 
Slof antigens that have been studied so farart muta- 
[such as BCR-abl and D£K-can. and overexptessed 
scu-Jtigens, including FR3 and WTl. 

3&R-abl encodes a fusion-product protein not ex- 
presseli by normal cells, which thus could serve as a 
tumoijspecific peptide, at least in CML. some cases of 
ALL yhd rai^ cases of AML. In vitro studies have found 
that'iEptides derived from BCR-abl pn^tcin can elicit 
autol^ous T ccU responses that arc clas.^ I restricted. A 
phakclll clinical trial has evaluated a vaccine consisting 
of 4 i^ptidcs able to bind to HLA class L The vaccme 
was ^died in 12 patients with CML, 3 ai each of 4 dose 
iBveSI^ Two of the 12 patients developed a possible 
delkved type hypersensitivity reaction to the vaccme 
foltoliUg therapy and 3 showed proltfei ative responses 
ijj cells were cultured widi the pepiides. However, 
^otoxic T cell responses could be tietected. 
ffi^econd fusion protein under smtly is the DEK- 
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can protein derived from the (6;9) iranslocatjon some- 
times seen [in AML, In one study, a CD^positive T cell 
Ime was shown able to kill an autologous B cell line 
pulsed with peptides deiived from Che fusion protein.^* 

l\vo non-mutated proteins highly ovetexptessed in 
AML ccUil have been the focus of a number of recent 
studies. PR3 is a neuti-al serine proteinase v,idi expres- 
sion largely restricted to the promyelocytic stage of 
myeloid d'^crcnliation. It is expressed by leukemic pro- 
genitors from patient with AML and GVIL but is mini- 
mally expressed by norma] mairow progenitors. CD8- 
positivc jj cells specific for PR3 have been generated 
that can sdectively lysc leukemic blasts but not normal 
bone marrpw cells. Furtfier, CDS-positive cytotoxic T 
cells specific for PRl . a peptide derived from PR3, were 
able to be isolated from the peripheral blood of patients 
with ODUin remission after allogeneic transplantadon or 
interfeix)n.*^ Based on these findings, a vaccine based on 
the PRl peptide is now being evaluated in a phase I trial. 

WTl is a zinc finger transcription factor, abundantly 
overcxprcjssed by most human leukemias including 
AML. CML and ALL. T cells can be generated tfiai rec- 
ognize wtl peptides and lyse leukemic CD34-po5itive 
cells but not normal CD34-positive cells and inhibit 
growth ofjleukenuc> but not normal, myeloid colonies.^ 
Antibodiqs to WTl have been detected in the scrum of 
some patents with AML suggesting, as in the case of 
PR3, that an active immune response to tin: andgen is not 
necessarily associated with obvious toxicities, making it a 
candidate jbr an adoptive T cell or vaccine strategy. 

Wiole cell vaccine strategies 

An alternative to identifying specific antigens to use as 
targets for T cell clones or as vaccines is, instead, to 
vaccinatelwith genetically altered autologous oimor cells. 
Previous studies demonstrated that mice vaccinated with 
syngeneic tumors engineered to secrete GM-CSF de- 
velop paijticularly potent immune rcsponses.^^ Accord- 
ingly, stubies have been conducted in murine models of 
AML testing the utility of AML cells transduced to se- 
crete GM-CSF and found that such vaccines can improve 
cure ratei in mice with established tumors treated with 
chemotherapy.'* Similarly, a vaccine composed of AML 
cells trai^duccd with the gene for IL-12 has been found 
to have high activity m a similar murine model.^* Other 
studies tiavc suggested that immune responses can be 
further enhanced by performing such vaccinations after 
autologous tiaiisplantation, perhaps because the trans- 
plant elitliinates an inhibhory effect of the intact immune 
syslero" 

A related approach to the development of whole cell 
vaccines, has been to culture peripheral blood mono- 
nuclear CCDs of leukemic patients with cytokines, includ- 
ing GM-CSF and IL-4, in an effort to induce che leukc- 

* I 
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mic cells to assume characteristics d' dendritic cells. 
These cells should theoretically boeome much more 
immunogenelic and Oius could serve as mmor vaccines.^ 

IV» Mox>£LiKG Human Leukemia in Vivo 

John B Dick, PhD* 

Our undcrstandinfi of the leukemogenic disease process 
has, to a large extent, been formed from many decades 
of research on human subjects involv ing characteriza- 
tion of the cellular phenotype of acute li ukemia and other 
aspects of the clinical picmre. One of I lie major difficul- 
ties with this ^?proach is the limited iibility for experi- 
mental intervention in human subjeci ?. Moreover, it is 
almost impossible to gain insight into i he early events of 
die leukemogcnic process before they become clinically 
apparent Until the last decade, most experimental ap- 
pfDaches have involved the study of n.iturally occurring 
animal (mostiy murine) leukemia and experimentally in- 
duced disease following transgenic or gene knock-out 
methods. However, while many aspects of these murine 
leukemias recapitulate the human disease, there can be 
significant differences with the human disease. For ex- 
ample, some translocations thai cause lymphoid diseases 
in humans (e.g. E2A-PBX, HOX 1 1) result in myeloid 
disease when expressed in mice. Mon over, marked dif- 
fecences in genomic stability between humans and in- 
bred mice strains suggest that the leukemogenic process 
might be subtiy different Ultimately, one would like to 
complement murine experiments witii model systems that 
utilize human leukemia to ensure that they are relevant 
to die human situation and that therapies based on this 
knowledge will have a higher Ukelibood of efficacy m 
humans. The transplantation of norma] and leukemic 
human cells into immune-deficient ndce provides such 
a system. This review will examine progress in using 
this xenograft model to characterize tlie leukemic clone, 
with particular emphasis on the identi fication of the leu- 
kemic stem edl in AML, and to develop novel thera- 
peutic strategies. 

Heterogeneity of Normnl Human Stem Cells 

The mammalian hematopoietic sysiem is a hierarchy 
derived from stem cdls tiiat posses.s extensive self-re- 
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ncwal. proliferative, and differentiative capacity. Hc- 
matopoicLic Stem cells rruainEain the hematopoietic sys- 
tem throughout, life> and stem cell zegulation is a critical 
elexxient in the contiol of nonnal hexnatopoiesis. The stem 
cell developmental program is tightly regulated by a 
combinatioii of intrinsic factors as well as external stimuli 
such as soluble cytokines and contact with stroma. 
Disreguladon of this tightly conirolled developmental 
program as a consequence of aberrant expression of 
oncogenes results in leukemic proliferadon. Thus, un- 
derstanding the cellular and molecular factors that regu- 
late the developmental program of nonnal stem cells and 
those [hat initiate proliferative diseases such as leukatnia 
remains one of [the major challenges in biology. 

Hematopoietic stem cells possess exieixsive prolif- 
eration, differentiatiQn, and self-renewal potential; prop- 
erties that can only be conclusively examined by in vivo 
repopulation. The composition of the human hemato- 
poietic stem ceH compartment is poorly understood bc^ 
cause of the Wstoric absence of efxperimental tools to 
characterize the developmental program of individual 
stem cells. We' have used rcpopulation of immune-defi- 
cient BNX, SClD and NOD/SCK) mice to develop a 
quantitative aijay for human stem cells that have been 
icrmed SCID-icpopulating cells (SRC).'^ The key prop- 
erty diat defines SRC is the potential for repopuladon of 
multiple hematopoietic lineages. This system closely 
models conventional methods of human bone marrow 
transplantation and murine reconsritutlon assays of stem 
cell function.: A detailed characterization of SRC is 
emerging in tenns of frequency, cell surface phcnotype, 
and cytokine responsiveness.^*^ However, it is not known 
if the SRC assay detects a functionally homogenous 
population of 'stem eelU or if, like the murine system, 
dierc is heterogeneity in the icconstitution potential of 
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Rgure B. Heterogeneity of traneplanlable stem eells from Qimm e( al'^ 
and Guenechea et bL" 

Long-iemi and ehort-temi SCID-fepgpulaUng cells (LT-SRC am) ST-SRC 
respectively) are detected In NOD/SCID mice and generals another ciaes of 
enon-terrn rspopuladng cell (STRC) that can only be assayed Inlhe NK ceD 
deficient 02-mit5rogloljunn knock-gul/NOD-SCiD mouse orin and-NK treated 
NOD/SClD mitsi.'nie STRC can genofale e«har myelp-lympnold oeHs (STRC- 
ML) or are restrfcled to dkhef lineage, STRC-M or STRG-U 
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individuaj stem cells. The recent discoveiy of Lin-n^a- 
dve CD34-negativc CD38-negative SRC and sheep-re- 
populating cells that appear to be precursorN of the more 
numcious SRC from the Lin-negative CI >34-positivc 
CD38-ncptiv6 fraction suggest phenotypic heterogene- 
ity might exist in the human stem cell comDaronent^^'^ 
lb understand the composition of the hurnan hemato- 
poietic stem cell con^artment, we have ti acked the in 
vivo fate of individual SRC durhig repopulat ion of NOD/ 
SCID mice by analysis of the unique clonal markers diat 
were introduced with retroviral vectors.*'* The vector in- 
tegration site provides a marker that is stably inherited 
by all progeny of an active stem cell. Analysis of serial 
bone manow aspirations from NOD/SCn> mice trans- 
planted with transduced cord blood demionstraced that 
the lepopulation was oligoclonal with extensive variabil- 
ity in self-renewal capacity as well as in the lifespan and 
proliferative capacity of individual SRC. Some dones 
only contributed for several weeks after ihe transplam 
and disappeared, while others appeared Liter and pcr- 
sisied. Secondary repopulation experiments demon- 
strated that there was heterogeneity in the self-renewal 
edacity of the transduced SRC. These dau point to (he 
existence of dlfTerent classes of human sti.*.m cells with 
short- and long-terra-repopulating csqpadt}' (ST- andLT- 
SRC, respectively (Figure 6>. 

Using NK cell-deficient, p2-microglobulin "^"^ 
Miaiixe/NOD-SCID mice, Glimm ct al ha>'e found tiiat 
short-term human repopulation can occur within the first 
several weeks following transplantation o1 Lin-ncgative 
CD34'positive CD38-positive cells ^ UnliJ<e SRC, many 
of these shoit-tenn repopulating cells (SI RC) were re- 
stricted to the niyeloid lineage. Furthermi^re, Lin-nega- 
tive CD34-positive CD38-positive cells c aimot engmft 
NOD/SCID mice, pointing to a fondamcnial difference 
between STRC and SRC, widch possess 
lympho-myeloid differentiation < apacity. How- 
ever, lin-negative CD34-positive CD38-posi- 
tivc cells can engraft short-term i n NOD-SClB 
mice treated with anti-NK antibodies* similar 
to the 02-microglobnlin/negfitivB/negative 
NOD-SCDD mice.'** T^ken togi ther with tiie 
findings of Gucnechea et ol/^ ihese findings 
provide convincing evidence ihnt the stem cell 
comparmient. as assayed by repopulation, is 
heterogeneous in terms of ccU .surface pheno- 
type as well as in functional properties (Fig. 
6). 



Acute Myeloid Leukemia 
AML, an impaired differentiati<in program re- 
sults in the excess production of leukemic 
blasts, of which the vast majoriiy have limited 
pfDUferative capacity.** Therefiire, the leuke- 
mic clone must be mamtaincd by rare sub- 
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popuIadoTis of leukemic stem cells with extensive pro- 
liferative Mid self-renewal capacity."'^* Thus, identifi- 
cation of aImL stem cells is central to understanding the 
leukemogenic process, and their elimination is the only 
real target jfor effective therapy. The blasts &om differ- 
ent patient are heterogeneous in their di^erentiation 
stage. ThCjinechanism underlying this heterogeneity i$ 
unknown, las is the nature of the leukemic stem c^ls. 
Further, the identity of the target cell that undergoes leu- 
kemic traiisfotmation in AML has been controversial. 
Two major] hypoflieses have been put forward to explain 
heterogeneity in AML (reviewed in *•"). One model (Fig- 
ure 7; see Icolor page 542) suggests that many different 
cell types pn the stem/progenitor hierarchy are suscep- 
tible 10 transformalion."'^" The level of commitment of 
the target jcell influences the characteristics of the re- 
sulting leukemic blast cells. This model predicts that the 
phenotypejof the leukemic stem cells from patients with 
myelomonocytic blasts, for example, would be different 
from die leukemic stem cells from patients whose blasts 
expressed if ew lineage markers. Tlie second model (F^- 
ure 8; se^ color page 542) suggests tiiat critical muta- 
tions/translocations responsible for transformation and 
progression exert a leukemogcnic effect only in HSC."-^' 
The leukemic clone that arises is organized as a hierar- 
chy with a leukemic stem cell generating clonogenic 
progenitocs and leukemic blasts. According to this model, 
heterogeneity results fipom the variable ability of these 
primitive leukemic Stem cells to difGarentiatc or acquire 
lineage mjarkers, depending upon the repertoire and di- 
rect influence of specific transformation or progression- 
related geiic(s) and not on the degree of conmutment of 
title targeijcelL This model predicts Ktfle variability in 
the phenc^typc of the leukemic stem cells among differw 
ent patients. Another consequence of the initial trans- 
forming eYent(s) would be impairment of differentia- 
tion to otier lineages (e.g. erythroid or lymphoid) ema- 
nating from the plnripotential stem cell targeL 

Xeuotransplant Assay for 

Acutcj Myeloid Leukemia Stem Cells 

Initial attempts to develop animal models for human leu- 
kemia inJfolved subcutaneous transplantation of patient 
samples or leukemic cell lines into nude mice. This 
method created myelosarcomas or localized solid tumors, 
neither of which is characteristic of the disease* SOD- 
leokemiaj and NOD/SCID-lcukemia models have been 
developed using the same paradigm as described above 
for norm^ human hematopoiesis. Leukemic cell trans- 
plantation succcssftilly engrafts these mice and faithfully 
recapitulates the pathology of the original human leuke- 
mia. Thdse systems have been applied to the study of 
most hmian leukemiftS, Including AML, ALU CML, and 
JCKfL (reviewed in *). 



• Identification of the AML stem ceil , based upon ini- 
tiation of AML in immnnc-deficient J nice (termed the 
SdD-Leukemia initiating cell, SL-IC), provides insight 
into the organization of the cells thai romprisc the leu- 
kemic clone and a means to rationally develop novel 
therapies direcdy targeted to the stem ceil/"^ $L-IC were 
found in the primitive CD34^(3D38- fraction (similar 
to, normal HSC) of AML blood regardless of the differ- 
entiation stage or FAJB subtype of tb leukemic blasts 
suggesting that the initial transformation events occur 
in HSC consistent with the model outlined in Figure 3. 
Moieover, we conclusively showed thut the AML clone 
was organized as a hi^archy that is nutintained by stem 
cells that undergo leukemic differentidtion. Stem cells 
wdthin the highly purified CD34-posidve CD38-nega. 
five cell fraction from AML samples could differenti- 
ate, albeit abnormally, to generate a Irukcmic cell pbe- 
notype identical to the donor. Moreovt^, the dissemina- 
tion characteristics of either M4/M5 samples (widespread 
to non-hematopoietic tissues) or Ml O'tnited to hemato- 
poietic tissues) was reproduced, suggesting that the SL- 
IC assay can be used lo study this me<'hani8m.^^-^ Lim- 
iting dilution assays showed that the frequency of SL- 
TC ranged from 0.2-100/10^, while serial transplantation 
into secondary mice showed that the SL-IC possessed 
extensive self-renewal capacity, a kry determinant of 
stem cells. It remains to be seen whether the SL-IC fre- 
quency coiTBlatcs with patient rcspmse or outcome. 
Recent studies on a large number of AML samples found 
that secondary AML or primary AML that foil to re- 
si)ond to therapy engraft more extensively in NOD/SCID 
mice compared to primary samples.^ Moreover the most 
signifrcanl correlate to high level engr<kftment was WBC 
cjount of the donor sample, suggesting that the overall 
proliferative capacity of tite SL-IC may vary greatly. 
Since the ability to detect an SL-IC depends on its pro- 
liferative capacity within the murine microenvironmcnt, 
variance in frequency of SL-IC obsi rved between pa- 
tients may reflect proliferative capacit y more than a true 
measure of actual siem cell frcquent^.^ Neverdieless, 
fiiis quantitative assay enables the monitoring of patients 
undergoing drug therapy, cytokine thi rapy, purging, and 
BM transplantation by examining the effect of these treat- 
ments on leukemic stem cells. 

Fhenotype of SL-IC 

jvhile initial studies demonstrated phcnotypic similar- 
ity between normal and leukemic stem cells, subtie dif- 
ferences in the cell surface pheuotypo that might be ex- 
ploited dinically have reccnUy been discovered. For 
example, SL-IC have been found widnn the CD34-posi- 
tive Thy-l-negativc and CD34-po$iiivcCD7 1 -negative 
HLA-OR-negativc sub-population, in contrast to normal 
HSC-**-" Strikingly* tiie SL-lC appear to uniquely ex- 
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press IL-3 receptor a chain (CD123) while noim&l stem 
cells do not appear to express this itmiker.^ The biologi- 
cal significance of this result is not clear since this re- 
ceptor does not appear to signal through the common 
pathways associated with this iccepior. Expression of c- 
kit is usually associated with normal stem cells; how- 
ever, transplaniatiott Studies showed that only CD34- 
positivec-kit-negative cells contained Sl^lC.^ Again, ihe 
biological significance is not clear since the cells were 
able to TCSpond to tlie c-kit ligand, SCF, suggesting that 
undetectable lejvcls might stUl be present Nevertheless, 
the surface expression of this receptor is clearly differ- 
ent between normal and leukemic stem cells. All of these 
studies provide new reagents to characterize the leuke- 
mic stem cell and suggest purification stiatc^es for fu- 
ture purging experiments. 

The significant enrichment of Sl^IC makes possible 
a detailed analysis of ihe biology of these elusive cells. 
ProgreJ55 along these lines is beginning. Gene expres- 
sion analysis of highly purified normtd and AML-de- 
rived CD34-positiYe CD38-negative cells has revealed 
a number of interesting conserved genes that were not , 
expected to be expressed in neoplastic cells Including 
the tumor-suppressor genes, interferon regulatOTy fac- 
tor 1 (IRF-1^ and death associated protein kinase 
(DAPK). Thesp data are suqmsing in that pro-apoptotic 
factors are typically absent from malignant cells, indi- 
cating that IRF-1 and DAPK may play a role in the biol- 
ogy of early Icukemogcnic cells.^ Future studies need 
10 focus on identification of the fall expression profile 
of leukemic Stem cells as compared with normal stem 
cells. 

The discovery of CD34-negative HSC'^*' in nonnal 
hematopoietic; tissues raises tfie possibility thai this cell 
might also be;a target of AML transformation and that 
SL-IC with this phcnotype might exist Conversely, thesei 
stem cells might not be the target for leukemic tranisfor-: 
mation and tHereforc represent a pool of noimal stem: 
cells diat might be exploited clinically. A very small 
number of patients have been found to conlfilA both 
CD34-negativfe and CD34-positive SL^IC," but it is noli 
known if leukemic progression-related changes 
disregulated dD34 expression or if this reflects the ex- 
istence of a primitive target cell. Recent studies using 
normal mouse hematopoietic cells have Identified stem 
cells based on their efflux of Hoechst 33342 (termed 
side population or SP-positJve).» In the mouse, they are 
largely CD34lCncgative) and enriched for primilive pro4 
genitots and! stem cells. Characterization of AML 
samples has revealed the existence of SP-positive CD34- 
negative cells that are part of the leukemic clone and 
have SLrIC aitivity.^** However, additional subfraction- 
atioa has found that the SP-posidve CD34-posjtive 
CD38-tiegative cells have SRC activity and are non-leu; 



80 



kemic^^ These early smdies point the way lo interesting 
areas for future research both for leukemic stem cell bi- 
ology jand for their potential to identify dilTercnccs be- 
tween jnormal and leukemic Stem cells that might be ex- 
ploited clinically. 

APL (FAB M3) may be a dlstina entity and xepr^ 
sent aireal exception to the stem cell modi:l. It appears 
that die leukemic stem ceU in APL may not be derived 
from the primitive hcmatopoiedc compartment because 
the PilL-RARa fiision gene was preseni only in the 
CD34|posidveCD38-positivc population.'^ (pterestingly, 
APL cells do not appear to engmfl SCID oi NOD/SOD 
mice.jsupporting diis idea.*^-^ Thus, transformation at 
the level of committed myeloid progenitors (or STRC as 
illustrated Figure 6) may be ihe exoepdon rather dian 
the rule. 
I 

Therapeutic Strate^es 

The availability of a model that faithfully reproduces 
the human disease in mice provides a powerful tool to 
develop and test new approaches to AWL treatment. 
Therejis little question that effective treaimejitmufit elimi- 
nate the AML stem cell or relapse will occur. A large 
literaW is developing on die use of SO O and NOD/. 
SClrf-leukemia models to test new iherapiiis. 1 will only 
focusj on several selected examples here. Fhe first key 
element of diese approaches is the use of jirimary AML 
san^les mthcr than cdl lines that might liave acquired 
alier^ons during establishment of the cell line that are 
not reflective the original donor. The second element is 
the use of the model in such a way as to point to killing 
of the leukemic stem cell. 

The efficacy of allogeneic HSCT is a curative 
thcra^^ for acute and chronic leukemia dei>ends both on 
the intensive chemoradiotherapy administered prior to 
transplant and a GVL effea mediated by donor T cells. 
However, a significant firactlon of patients \vfth advanced 
leukemia at the time of HSCT will relapse due to persis- 
tence of leukemic progenitor cells. Escidation of the 
doses of chemoradiother^y has not improved survival 
due to increased toxicity and efforts to augment ihe GVL 
effect after transplant such as by the adnunistration of 
unseiected donor lymphocytes or the adndnistration of 
interieuIdn-2 were only partially effective: and/or com- 
plicated by increased GVHD,=^ Adoptive T cell im- 
munotherapy targeting human minor hiso>oompatibility 
(H) antigens expressed in recipient hematopoietic cells 
but i^ot in nonhematopoietic cells such as frkin fibroblasts 
and keratinocytes has been proposed as oiic strategy for 
induking a GVL effect without causing GVHD-^ CD8- 
posiiive CTL clones spodflc for minor H antigens have 
been demonstiated to lysc a proportion of myeloid and 
lymphoid leukemic ceQs in vitro and inhibit the growth 
of clbnogenic myeloid leukemic progenitor cells in me^ 
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ihylcellulose cultuic.^*''' These ODS-po^iiivc CTL clones 
inhibit the engraftmcnt of human AML cells in NOD/ 
SCID mice following shon-rerm incubation wilh AML 
cells prior to transplant into NOD/SOD mice.'^** The in- 
hibition was mediated by diicct CTL recognition of SL- 
ICs. 'niescjicsults implicate CD8-|>osltive minor H anti- 
gen-speci^c CTL as madiatora of the GVL effect asso* 
ciated with allogeneic HSCT, and provide an experimen- 
tal model to identify and select T eel) clones for immn- 
notherapy to prevent or Cicai relapse after allogeneic 
HSCT, 

Other japproaches have involved the development 
of immiinotoxins that target toxic molecules to the leu- 
kemic stenicell. Several groups have focused on the diph- 
theria toxih/GM-CSF receptor immunotoxin." These 
studies have mdicated that the SL-IC expresses the GM- 
CSF molcluile since SL-IC were specifically killed by 
treating the AML cells with Oicsc molecules. 

Condosicjiis 

Leukemic jstem cells hold the key to understanding orir 
gin and mkinlcnance of AML and for developing eStcc- 
dve therapy. In the ftiture, comparison of the gene ex- 
pression p]rofi1es of Mghly purified firacdons of normal 
and leukemic stem cell fractions should provide the ba- 
ds for identification of leukemia-specific patterns of gene 
expression. It will be possible to determine the biologi- 
cal function of these newly discovered genes in tetrms of 
their abili|y to interfere with die nornia) developmental 
program of normal human stem cells, using experimen- 
tal modelk where leukemia-associated oncogenes are 
expressedj in primary human hematopoietic cells using 
letroviralivectors.^' Together, these approaches should 
identify i^vei targets for leukemic therapy, which can» 
in mm, be tested in vivo using the NOD/SCTD-leukEmia 
system. 
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Abstract 

A cUfferenifiitlon trfock und an accumnkition of imma- 
ture myeloid cdls characterize acute myelogenous 
leakenila (AML). Uovvevcr» native AML cells usiuUly show 
some morphola^col signs of differeniiBtion that oDow a 
dassineadon into diflemit subaiets, and further diflerentt* 
atlon may be induced by exposure to variovs soluble medi- 
Btor^ for eianiple, aU-tranS reiinoic acid (ATKA) and 
several cytolcIttCSto Combni^on therapy ivitb ATRA and 
€hemotheni|iy $bouhi now be regarded as ihe standard 
treaiment o^ttie acute promydocytic leokemia (APL) vari- 
ant of AMLi. Although several agents can also induce 
leukemic ced diffefwitiation ibr other AML aubgrQupSt m 
vitro stndks as weQ fls clinical data hnve demonstrated 
that these agents often have heterogeneous elftcts on the 
leukemic pipgenitors. Tfiii; makes the clinical impact of 
differentiation induction therapy for individual patients 
diificuh to ipredict Kowover, dlB^tiation faiducdon 

Acute myelogenous leukemia (AML) is characterized 
by a neoplastic prolifcmtion of myeloid cells [1-8]. The 
malignant ccUs have a differentiation block that results in 
an accumulation of immajturc cells, and AML can thus be 
diagnosed; A) if at least 30% of miclealcd ceils in ihe 
bone manow are myeloblasts (or altcmalivcly 20%, [8]); 
B) in the case of bone marrow shofwing erythroid predom- 
inance, if ;at lea$t 30% of nonerytfaroid cells are 
niydoblas J, or C) if the characteristic signs of hypergran- 
uiar promyclocytic leukemia (acute promydocytic 
leukemia, [APL]) are present [1 , 2], 

Cases of AML can be subclassified on the basis of mor- 
phology, oyiochemisliy, immunological madcers. ond/or 



should be regarded as a promising therspeutic a|) preach, 
especially as a part of immunotherapy or in coralitnaHon 
with InLensive ch^notberapy to increase the susoi'pdlimty 
of AML blasbi to dro^hiduced apoptosis. AHfaimgli the 
inOf^hotogy^basedF^ench-Ainericaxi-Biftldi dassificitlDn 
was osed to Ktentify APL as on AML subset thai required 
a special treatment, it seemv unHkely that tfab das^ificatidn 
alone can be used to identify new subtfols of AML patients 
with specnal therapeutic re(p2iremeni«> Future siiidles on 
dilTereDtlation induction In AML should therefore focus 
on A) the idcutlflcation of tfi^^pcutic agents wiTh more 
predlctnbl? eflTeels^ B) the use of clinical and hUmratory 
parameters to define new subsets of AML patients in 
which difTerentfaitlon induction has a predictable »nd ben- 
eficial effect, and Q the characterivatinn of how AML 
bla$t sensitivity to drug-induced apoptosis is aliercd by 
differentiation induction- Stem Cells 2000:18:15/ -165 



cytogenetics [1-5], Accoiding to die widely iccepted 
FiEnch-Amerlcaii-British (FAB) classification, AML can 
be divided into die following subclasses based on dtc dif- 
ferentiation of the maliisnaiii cells [i-5]: AML-MO and -Ml 
show minimal differentiation; AML-M2 mcludeii a minor 
maturing grdnuJocytic componcui, whereas AML-M3 
(APL) has a dominating accumulation of promyelocytes; 
AMX^M4 and -M5 show myelomonoeyiic differentiation; 
AML-M6 ha$ an eiytfaioid predominance; and AML-M7 is 
Ihe acute mcgakaiyoblastic leukemia. Vairve AML blasts 
may also on rare occasions show basophilic or eos inophilic 
differentiation [6, 71. These motphologicaJ ciiteria arc alfo 
incorporated in cbc reccnQy published WarUl Health 
Organization classificadon of myeloid neoplasnui > 8]. For a 
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Dif&readatiaD Inducdoi in AML 



subset of Aiy^ patients, ihe leukeiiua blasts even show 
fiinctiooal evidence of diffcreouaUan aod are capable of 
anlibody^IcpjcaiJent attachmeat and intemaiizadon (phago* 
cytosis) of bacteria as well as isymosnne pattlcles [9], 

AML tf^cmsAt usually includes intensive chcmothn^ 
apy administered as A) indiicrioii Treatment chat aims in 
bring tbc palicnt into complete hematological remission, 
and B) ooosolidation dier&py tl)at aims to eradicate residual 
disease and prevent AML relap$c [5]. Consolidation ther- 
apy wilh intensive chemotherapy alone or in combination 
with autologous stem cell transplantaiion Is associated with 
a relatively liigh risk of AML relapse and an overall long- 
(cnn AML-fiee survival of less than 50%, whereas consol- 
idation with allotransplantation has a lower relajise risk hui 
a higher trcatnicnt-rclaied monality [5]. The addition of dif- 
ferentiation induction cliempy with all-trans rctinoic acid 
(ATRA) is now regarded as mandatory in the Ixcaunent of 
AFL [10-13], and the use of dii!bFcxi(LBlion todocdon as a 
therapeude approach wiih low oreauneni-related morbidity 
and mortality is also considered for other AML padcnls. 

DlFFJCRtCNT^TION INDUCTION IN TliU TREATMENT 
OF AFL [ 

A^L is icharactcrizcd by the expansion of malignant 
myeloid cells blocked at ihe promyelocyte stage of differen- 
tiation. Several excelleul reviews of the pathogenesis, diag- 
nosis, and njeamwot of AFL have recently been published 
[1 0-14], and wc will only brtefty conunent on (he olznioa} 
vse of diffcrtntiadon induction in A?L. This AML subset is 
associated with zrcipcocal chromosomal tran^ocatlons that 
involve the ictinoic acid tecqjtor a (RARa) gene on chro- 
mosome 17q21 [10, 12, 13]. The RARa inost oonmuraly 
fUses to the iPML gene on chroraosomc 15q23» but in rare 
variants of APL the RARoc fuses wilb the promyelocytic 
leukemia z^nc imger gcoc on chromosome llq23, the 
uueteophosmin gene on chromosome 5q32, Or ihe nuclear 
mitotic apparatus gene on chromosome 11ql3. Hicsc 
translocations lead to fasion genes and the cxpnsssion Of 
aberrant chimeric proteins 

ATRAbclong$ to the retinoid &xnily of vitamin A dcriv- 
ativcs (10-lf]. The retinoids exert important effects on cell 
dcvclopmen|;, prolifcraiioti, aod differentiation, and their bio- 
logical effects are mediated by Qic KAR and the retinoid X 
reecptois (RXRs). Only the RARs can be activated by 
ATRA. The molecular mechanisms for the antileukemic 
cflba of ATRA are probably con^lcx and inchide Ifgand 
binding to ?ML-RARo with dcgradatioo of fusion proteins 
and altered! transcription regulation [12]. The cflccls of 
ATRA seem to differ in the various subsets of APL patieois, 
and patienJ wiib t(1t ;17) havt a worse prognosis (bd little 
or no cffcctiof ATRA dicrapy [10, 12. 13]. 



EfiedsofATRAioAFL 

The in vitro effects of ATRA have been charactktizcd in 
detail both for AML cell lines CHL60 add NB4 c^Os) and 
native APL cells (10, 14]. The presence of ATRA i uring in 
vitro cultoie increases the fraction of diffpipjitinrflri c^2!ls with 
iunctional characteristics of normal neutrophils. Al RA will 
also increase cytokine secrctioni induce a mature m.nnbrane 
mokculc phoiolype, inhibit leakemia cell proliferaiion, and 
induce npoptosis [14-1 8]. 

A number of phase n studies have also confinned that 
ATRA induces conqdcle remission and rapid tksc ution of 
the hfb^dircaUming bleeding complicationf in a nuiiority of 
APL patients [tO-14, 19], and this in vivo ciTccl sccms lo be 
caused by tnic diffbrentiBtion of the malignant a;l[s with 
apopLoi^is as (he' fmal mechanism by wfaidi the l^kemic 
clone is extinguished [14, 15, 18]. 

induction therq>y with ATRA followed by cb^iinothei- 
apy has been conqKUcd with diemotherapy alone in two 
large randotnized studies [19, 20], and both shldic^. demon- 
s&aied an increased long-tcnn APL-^e survival ol patients 
treated! wiih combination ihei'apy. A recent randomized 
study has also demonstrated that die long-term APL-free 
snrvivaS is higher for patients who receive simultaneous 
combinatioxi therapy compared with sequential conibination 
[21]. The advantage of simuttaneons combinations socms lo 
include better control of both the ATRA syndromi- and the 
coagulopathy [10, 21]. In these (hrco studies the chismother- 
spy was daimorubicin plus cytarabine, but nonrandomized 
suidies suggest thai cytarabine may be onuttodfiom induction 
therapy in APL [22-24]. 

The itccnt randomized studies hicluded two cycles of 
intensive postrcmission chemotherapy with dam orubicin 
phis cytarabine without ATRA [20, 21]. It sliould be 
mandatory that the consolidation tiierapy uii.ludc an 
andiracyclinc; the bCTcfit of cytarabine, however, has been 
questioned [I0» 22-24]. APL patients also seem it) benefit 
from sbme type of additional maintenance trcatiiKnt diat 
probably should include ATRA 120, 21, 24]. When APL 
treatment is based on these therapeutic pnnc'plcs, an 
event-^e survival exceeding 75% at 2 years lias been 
described [21]. 

Arsemc Derivativts as Dlffierentiation-lBdueiDg Agend in AFL 

In; viiro studies have shown that certain arsenic 
derivatives are effective against APL cells, and a recent 
clinical study demonstrated diat AsO) should be regarded 
as a ij.romising iherapButic ageni with limited toxicity 
[25]. jrhis agent seems to act as a difffercntitttion aad 
apoptosis inducer, and the resuiis suggest a possible role 
of arsenic derivatives in consolidation and/or mainteoancc 
theraj^y [25]. 
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Differentiation Induction in aML Cells with 

NON-APL )f Hjp^OTYFK 

CytDkihC E£r<^ts on AML ^)ast Diffenotiation lo Vilro 

AHfaaugd tfac effects of various cyiolcines on AML cell 
(native blastsjand AML ceil lines) prolifcradoD and viability 
have boen exiensivety studied, rcbtivcly few studies have 
examined enects of single cytokines, cytokine combina- 
dons, or cyd)ldnes phis vitamin-D^ on diffirmtiauon of 
oapve AMLj blasts [26-34]. Many of these studies are in 
addition relatively ^mall, find the paiients ore often hetero- 
geneous wilb Regard to prognostic factors and FAB classifi- 
cation. Howtver, ihc following conclusions are justified 
based on Ibcjrqjitsentative studies sunnnaiizcd in Table ) : 
A) AML bUsts can be induced to differentiate in several 
myeloid dir^dons, and the same difTcrentiation res^nse 
can oiten be induced by different cytokines [26-34]; B) a 
certain cycokmc or cytokine eombination usually induces 
differentiatida only for » subset of patients, and the direction 
of differentiation often varies between patients [27, 29); C) 
diffacnlialiqn induction can be indcpcDdeni of (he effects 



on blast proliferation, and D) fbc directlOti of diffen ntiation 
often shows no correlation with FAB ciassificatian ( pre- 
vious signs of dififcrcnlialioji) [27, 29-31], Thus, in contrast 
U) ihe pi^iccable effects of differentiation inductioD in APL, 
the effects m other AML subseis are difficnit to pittdict in 
individudl patients. The same conclusion was also <!iawn in 
a clinical study of intericukin 3 (IL-3} therapy in AML [35]. 
future investisations of diBcrcnliation induction should 
d]erefore focus on A) the identificadon of new agents/coro- 
binatio(ns^)roccdnres with mort predictable effects, and B) 
&c idcntilicauon of patient subsets in which the ci'^is are 
predictable and hkdy to be clinically benetlciaL 

C&Ddidste Dru^ for DiiferentiHiiOP Kndudlon 

Cytotoxic Drags 

Anticiuicer agents (e.g., cytarabinc, daunorulilcin, 6- 
thiogu&Qine) can induce diffcrcniiacion in AML t ell lines 
and In native AML blasts [36-39], and combinutioDS of 
cytcaine aiabinoaide or 6-thloguanine phis rctipoic acid 
phis cidicr hcxameihylene or dimdhylfbnnannde seem to 



Table 1, DifTBreiiijaiiiiD AaucQon in huiwn ANa. cdls culoued in yiiioin-tbc jrcsBncctii^tolablii toediarars:'* smniT«bx;of 'ihctdSulB (hattj«pKsenftrti7c smfc. . 



J)f rectiim of diflcresdatiou 
NeulrophUgramilocybe 



Eonnophil gTBDulocyift 
Bafoptulic punilocyie 
MooDcyu 



Eryihroid dif&rentiBtioo| 



SoCabUmcdklon uied 
SCForIL-3 

IL.3,G.CSF,orGM'CSF 



IFN-7, TNF-a, Vii-Dti, or reliaiMc add 



SCF 
IL-S 
SCF 

IFM-Yi TKP-O, Vit-p], orictinoic acid 

lL-3, GM-CSF, C-CSF, or M-CSF 
SCF 

Leuloenua ia])ibitoiy Gicutr 

TUromborcielin + IL-3 or SCF 
ETythniptteda 



IDeccclioD otdtfferentlatioD m native AML bbscs 
InducQonofCDIS and jMorayckicytc-niyelnqrtE moqiholosy 

m COM' AXfL-M1/M2 blase 

locieascd proportions oFmniure ginmalocyccs for some patirali, no cond idon 

between difTercndatioii inducuon and FAB class 

Eohinccd dlffcreaiiai&m when G-CSF was combioed with rctinoic add 

iuocflscd qqiTCKsiDD of CD15 and CD33 m rabsets of paoenCs u^cthci « ith 

decreased colony Ibcikation io clonogcnic aRSEiy; these effbcti were oaosc 1 {9 

single B^enui and/or by combinations of mediaiofs 

Diffcr^atKui lolo mydocycc* and Tnetunyelocyie-like teokemiD cells « ilh 

di»ppau3nce of CD34 and HLA-DR cxpzesslou for a sublet of prnieoB 

Inducdon of eiihcr pure 01 mixed Icokcmic eosinophilic colonics, no ooo'clfition 

with FAB do^hcaiiOQ 

Diffcicadation into cbUb wjSi segmented nucJci mid basopinli&taciachroinaiic 
gniQi}]c3 Ibrja Bmall minOfiTy of patients 

TT^pw-iWffl^ flMffl fr nfflC gp^^"*^ °^ ^ mpiMcyle madcer CDl^ iosnbsd* of 
paiioiis; efSects were caiused by iiag^c agents or cnrnbinutiOAS of oiodiai>'r$ 
Inducdon ofimonoG^ftic morpbology with inereased phagpeytic capacity jnd 
CKprosion of CDl lb and cbl 4 

hxcxcased mimbcr of AML cells wirfi irionocyte/rnuaopliaB' moiphfllogj 
Induction of a macrophage- Ji Ice moipbology and ocprarion of CD13, CDH, 
9nd HLA-dius U io a minority of padeno 

ExprcSiion of the Wihns* lumOr suppression goic togeiher widi munocyic 
di^ercndanoD in (he Ml AML cell Hnc 

Increased cKpreurioa of plaidct-sipeBiCc tmagcos in die M-07e AML all line 
Fiffiher eiyQitoid diftoitialion for piiiiaits wiih efylhrolcnkenua 



Rufertace 

26 

21 

7» 
29 

30 
31 

30 

29 

32 

17 
30 

35 
27 



cmydogcnflOsleukcmiBi SCF= Stem cell fidor,G^F=grannloqtecdOiW>bnuk^^^ QM-CSF-gnimdocytc^nKn^ 



AML'^acowr .,— ^ . - . A • LA 

FAB » f rench-AniBricaii-Biittsb; IFN-y- g?miD*-lolerfcnm; INF^l = mmor oeaosis QCtor ipo- 



! Downloaded from www^tcjTiCBlls.com by jon September 3, 2006 

PA6E41M8'RCVDAT11i1/2l)(ia 3:56:05 PM [Eastern standard Time] 



11/01/06 16:14 FAX 8107386590 CEPHALON, INC. USPTO MAIN 12042 



160 



IMcfCDljatioo Ihdufidoii in AML 



induce AML, blast diffcrcntiatioQ even for a majority of 
padcnls [37-39]. Tbis elfcut \& obseived at lower concen- 
tratioDB dm are required for drag-mediated kOIing, and it 
probably involves dnig-indnced allemtions m the cytokine 
responsiveness of AML cells [36]. 

Altered Hist0T^AeefylatioH 

Acetylatibn and deacetylatian of bisloncs arc icganled 
as impoTtantI for transcriptian activation and repr^sion, 
respectively. jHistonc dcacclylasc Inhibitors can induce dif- 
ferentiation in nalivc AML blasts for a subset of patents, 
and they eilsd cause a synergistic enhancement of ATRA- 
induced diffnentiation [40]. These effects Show no correla- 
tion with p^"cvious sifitis of differentiation {i.c., FAB 
classificationj). Butyrates arc another group of drugs tliat 
seem to Induce gene expression Via histone hyperacetyla- 
tion, and monosaccbariile buiymte denvativcs can also 
induce diffeijSntiailon In native AJSdL blasts for a subset of 
patients [4l]{ 

High'Dose Medtytprednbtahtif 

Both Id Vitro and in vivo studies suggest thai high-dosc 
raclhylpTttdnisolone (30 mg/kg/day) can induce difiTerentia- 
don of AMLicdls to maums granulocytes that subscqiiOTtly 
die (rum appptosis [42-44). However, this treatment has 
been cried only in a few patients, and one should be vezy 
careful with the intefprctation of these results. 

i 

Metal Chelators 

In vitro cxposuzt (0 the metal chelator dithizone wiJI 
induce diffbrontiadoD and apoptosis in the AML cell line 
ML-1 [45]. Although thbi diiig is probably not suitable for 
clinical use ilue to its side cfibets, (he resuhs suggest that 
this new tlierqientic approach may become useful in fuUit 
therapy. 

I 

ATRA vfd Vdamin I>3 Analogs 

Except for APL, ATRA and vitamin arc not potent 
enough to provide clinical benefit when used at doscs chat 
can be tolerated by patients [46]. However, a recent study 
described tfaat, although addition of ATRA to chemothcr: 
apy did not improve patient outcome, in vitro evidence for 
response lOiAT^ was detected in 25% of Ihc piictents 
[47]. In vitrij studies have also demonstrated tbat the dif- 
ferentiation! induction effects of ATRA, vitamin Dy 
and/or vitaiAin Dj derivatives can he enhanced by several 
other agent^ [48, 49], including the drug clofibric acid, 
which has been used without serious side erffects in hyper- 
lipemic patients [48]. Thus, combination trcHtment with 
chemotherapy, ATRA, and ATRA-poientiating agents 
may become useful in AML. 



Diffenndadon IndncQon and Regolatlon of Apopto$i» 

Drug-Induced ApopU^sis in AML 

In vitro studies have demonstrated that apoptosi •{ can be 
induced m AML blasts by several cytotoxic dmgs, includ- 
ing cyiarabine [S0-S4], daunonibiein (54), etoposi le [55], 
idarabiein [5i5], and 6-lhioguaninc [51]. Furthermore, clin- 
ical studies indicate that the expre.<:sion of apoptasis-regn- 
laddg molecules (bcl-2, Mcl-l, caspascs) is impoilant for 
the risk of relapse after chemotherapy [57-59] Taken 
together these data suggest lhal the susceptibility nf AML 
blasts to diug-induced apoptosis is important for die out- 
come after intensive chemotherapy in AML. 

Levds and Cfianosenaimfy 

Studies of the AML cell litte HL-60 have demonstrated 
that cells induced to differentiate toward neutrophils sub- 
sequently die via apoptosis (60). A possible mecha -iism for 
induction of qjoptosis is the reduction of the intniceUuIar 
bcl-2 Icvdi which is obsei^ed during differenti ition of 
both HL-60 AML cells and nonnal myeloid progenitors 
[61], Tltere Is also an association between high lev- 
els m AML cdls and decreased sensithri^ to drag indiiced 
apoptosis [51-53], and for a subset of patients the inhibi- 
tion of bcl-2 with antisense oligonucleotides will mcrease 
the sensitivity of native blasts lo cytarabine-inducid apop- 
tosis [50]. This last observatian suggests that bcl-2 is 
dkcccly mvolved in Ifac regulation of drug^induccd apopto- 
sis, possibly via intracellular pathways involvinj\ bcl-xL 
expression [52], prevention of caspase gene expression 
[55], and/or reduction of oxidant activity by toxic radicals 
[53]. These results also suggest lhal differentiailo:) induc- 
tion therapy may become useful in selected AML patients 
by Increasing the blast sensitivity to dtug-inducec) ^pto- 
sis. 

The effect of ATFA on differentiation, bcl-^. levels, 
and chemosenaldvity in AML blasts has been studied in 
AML cell lines. For certain ceil lines ATRA ca;i induce 
difficrcntiation and reduce mtraccllulai bcl-2 leveU without 
altering the susceptibility to drug-induced apoptosis [56, 
62]; for other cell hues an increased chcmosi nsitivity 
seems to depend on GJGi ecU-eyclc arrest rathei than the 
diflfcrcntiaiien status or bcl-2 levels [56J; and Jbr a iast 
group of cell lines ATRA seems to increase chcmoscnsi- 
tivity by downrcgnlation of bcl-2 [53, 54]. ATRA can also 
downrcgulalk hcl-2 expression in native AML blasts for a 
subset of patients indfqpendcnt of their FAB elas>ification 
[63]. These effects of ATRA on bcI-2 seem to be -nediated 
by difTerent mechanisms, including regulation of ii*anserip- 
tion, ajtered^ihosphorylation, and decreased bcl-2 stability 
(54, 64]. The dfects of ATRA on cbemosensitiviiy can be 
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fttithdr modulated by vitamin K analogs; mmy of (hcsc 
nontoxic anabgs induce apoplosis and enhance effecis of 
AULA via a mechaaisni involving downregulation of bd-2 
and upregulklion of Bax expicssion with concomitant 
ftccivation ofputpase-S [65]. 

A rcccnl slody concluded that bcl-2 expression in AML 
blaslS was not an independent prognostic factor in AML 
paiieuts receiving intensive chemocherapy [66]. This in 
vivD obscivatioo thus seems lo cooflict with the in vitro 
results described above. However, llic inducdon and tindtig 
of apoptotic (events seem to be both cell type and inducer 
dependent [67], and various cytotoxic drugs seem to use 
different mtmccllular puihways for induction of apopLosi^ 
IS I, 67]. Thpse beterooeneities may cjqslain the patent 
discrepancy between Ihc in vitro results and the available 
clinical data.' Future studies ilierefore have to consider that 
A) the pros^ostic impact of high bct-2 levels may differ 
between patients, and B) die impact of various prognoduc 
factors (including bcI-2 expression) may also depend on the 
type of chemotherapy. 

EJ^ression of Tumor Sttppressor denes 

The p53!CUmor siippte$8or gCBC is an unpojtanc regula- 
tor of apoptc^sis in AML blaslS [68]. Recent studies suggest 
that certain ,confoiinationol variants of p53, which occur 
either by mutation or by Ac action of hemat<^oictic 
growth factoi'S, permit AML blast survival and are essoci- 
ared with ajbad prognosis [69]. Decreased expression of 
the rclinoblkstoma tumor suppressor gene in the AML 
blasts is vUso associated with an increased risk of leukemia 
resistance or relapse [70]. Although the eocprcssion of both 
p53 and itsinegativc regulator protein, MDM2, is associ- 
ated with the dffferentiadon status and Is increased in 
AML blasts with a myclomonocytic phcnotypc (FAB- 
types M4/M5) [71], it is not known whether ihe expression 
or function fjf mmor suppressor molecules will be altered 
by differentiation induction therapy. 

DlFFERKNTUnON fifDUCnON AMD ImMUWOTHERaPY 

inAML I 

AML Blasts oflcn have gcncdc abnormalities (e.g., 
muranons, itranslocattons, inversions [4]) that encode 
abnormal jproleins with lcukemia-speci£ic peptide 
sequences p2], T cell recognition of such leukemia-spe- 
cific ^itopes has been detected for ibe t(9;21) (Philadel- 
phia chrombsome) and the 1(15;17) (APL) iranslocadons 
[73-75], ani these observadons support fte hypothesis that 
enhancement of autologous anrileokcmio T ccll reactivity is 
possible In lAML. 

Antigen-specific T cdl recognition requires die pres- 
ence of prcjfessiooal accessory cells with sl dual function: 
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A) antigenic peptides have to be presented in the context of 
self-HLA before they can be recognized by specific 
T cells, and B) antigen- Specific T cells need an additional 
coslimulatoty signal to become activated; in the 'ibscncc 
of costimnlation, specific T cell aticrgy may develop 
[72, 76]. Dendritic cells are considered as the mo.'-l potent 
professional antigen-presenting cells [77]. Although 
native AML blasts with e phenotype oonsisicat with 
progenitors of dendritic Langerhans^ cells ha\'c been 
described [78], tiiis phenotype seems to be very rare. 
Native AML blasts usually express only som<. of the 
membrane molecules needed for initiation of T i ell acci- 
valion, including the peptidc-picscnling HLA chiss I and 
class II molecules and the T cell bindlug CD58 molecule, 
but in most cases the AML blasts do not express die cos* 
tlmulatory B7 (CD80 and CD86) and CD45 molecules 
[72, 79]. One possible approach for enhancement of 
AML-spedfic T ccll reactivity wmild thercfoic be lo 
induce a dendritic celt phenotypo in AML bhisis, and 
thereafter to use these modulated cells for preseniation of 
leukemia-specific antigens lo T cells (Table 2). In vitro 
Studies have dcmonsu^ied diat AML blasts can be 
induced to differentiate into a dendritic cell pheontype by 
exposure to exogenous cytokines [80-84], and for a sub- 
set of patients eocnlture of autologous T lymithocytes 
with such AML-dcrivcd dendritic cells can induce a 
leukemia-specific T cell response [80, 82}. Thi^ patient 
heterogeneity is probably caused both by variatit^n in the 
abilicy of AlvfL blasts to acquife the dendritic eel I pheno- 
type, and by immunogenetlc differences that lesult in 
T cell nonresponiiveness to leukemia-specific atidgens in 
certain patients [7^, 85]. 

Conclusion 

At present, difTcrcDiiatlon induction thcrapN is used 
only in the treatment of the AML-M3/API subset 
Although in vitro smdies have demonstrated that leukemia 
blasts derived from other AML patients may also be 
induced to differentiate, these cficcCs are difficult to pre- 
dict in individual patients. Futurc Studies of difPeientiation 
induction in AML should therefore uy to identify A) new 
agents or combinations of agents witli more pcdiccable 
effects; B) subsets of padents who arc likdy t<> benefit 
from diffiwentiation induction, and C) cytotoxic ilrugs that 
can be used in combination with dlfiTercndadon induction 
(herapy. 
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Tiblc 2. [nduciiDn ofa dendritic ccU (DQfihcaoiype iri mlive AML bbsls My cxpomre to d|D^etil7utf (^Idoia^ cKahiclBiisiroa oftbe expcrimaail in « ihotay< [8044] 
Expenmcntal procedoT^s DifTcrcotiatiim tndnctifni and dctortkm 

Cytokine combiiialiQiit lufed (o induce ft DC phenocype Cnlmre with GM-CSF t for 10*14 days and addidoD otTHF-a or dMiKligjiod the last 24 h [W] 

CuIUiierDr3dByswlhdauffCiM4:SF4>IMorGM-CSF't-IM CD40-U^i«r cells [82] 
Culture for 1-5 days with GM-CSF + TNT-a + SCF + IL^ [83] 
Cyrokine comhinaiions ntilizmg FM-L and llr3 + tcimiztal TNF-a, 3 days cultui c [ft4] 
Loo^-tenn cuIuob (21 days) with GM-CSF -MM t TNF-a [S 1] 

Uprtgulitcd or induced ejipreniini of aiBiniian (CD54, CD58), coflimulaioiy (C i)8Q^ CD86), aad 
snUcphpiciiaiUiig (HIA datf I Had dm IQ difileeules [80-84] 

loeicasod cxprcaion of die diSbraitUtloa mailcer CD83 ihsl U fbund on pcnphend nutuxe DC, 
whcTMS maikcn of the imnalurc DC phcnolypc (CDK mnnnam: racpuir, E-^adhmn) m nrely 
oiprcsscd [82} 

Dofwnrtguhiion of die monocyte nuirko CD] 4 [82] 
Incrca3cd iccrction q(\L-\2 (h chazsclaisdo of maiure DC) 182] 
Morphological changes wldi dendritic projcqxons [8M4] 

Aulologmu )ymphocyta cultuied widk DC-AML cells show specific cytotoxicity i^tf tudvc, 
aU£Dloi,'0U2 AML bliits [80, 82] 



Pbenxypic cbanctmstUsof DC-AML blasts 



I 



Aa:tisscny cdl [uncuoo duiiog T cdl activation wi^ 



DC » dendritic cell; GM-CSF - gtamilocyte-iDacroiphaec ookmy-stiimilaLlng faeton SCF ~ stem cell fnetm; TNF-a " nuQor necrosis factor alpha; SCF ' stem cell to^i; 
AML s acute mydogeoons luutccmia. 
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